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Identification of Novel Single Nucleotide Polymorphisms on ADSL Gene Using Economic Traits
in Korean Native Chicken

J. A Lee, S. A Jeon, J. D. Oh, K. D. Park, K. D. Choi, G. J. Jeon, H. K. Lee and H. S. Kong*

Genomic Informatics Center, Hankyong National University, Korea

ABSTRACT Adenylosuccinate lyase (ADSL) deficiency is a disease of purine metabolism which affects patients both bioche-
micall and behaviorally. An obstacle of this purine nucleotide cycle(PNC) can be caused brain functional disorder and growth
disorder. So ADSL deficiency, which is associated with sever mental retardation, autistic features and energy metabolism. This study
was performed to identify SNP on ADSL gene in chicken. The nucleotides were observed as T to C (7724th nucleotide), C to T
(7732™ nucleotide), G to T (10108" nucleotide), A to T (10356 nucleotide), G to A(10375" nucleotide), A to C (10402™
nucleotide), A to T (12716" nucleotide), T to A (12717" nucleotide), C to T (15491% nucleotide), C to T (15542™ nucleotide) and
CtoT (15550lh nucleotide). The nucleotide substitutions at 15542™ and 15550™ (GeneBank accession no. AY665559) were found
as missense mutation (alanine — valine, proline — serine, respectively). This study will be useful for farther researches for identi-
fying association between these SNPs and energy metabolism in chicken. The C15550T SNP showed three genotypes, CC, CT,
TT by digestion with the genotype TT had significantly faster the first lay day (150.0) than CT (162.0, P<0.05) and genotype TT
(150.0, P<0.05) had significantly higher the egg production rate than CT (172.4, P<0.05). According to result of this study, a
C15550T was found to have a significantly effect first lay day and mean egg production. It will be possible to use SNP marker
on selecting chicken to improve important economic traits, which is the first lay day and mean egg production.

(Key words : ADSL, SNP, missense mutation, Korean native chicken)
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(purine nucleotide cycle: PNC)ll 2]} ©]FoZtHLowenstein,
1972; Goodman¥} Lowenstein, 1977). 25 o YEYol=
A4 PNColl -2 o2 AT sk Ao] Yyt
2Rl Asfld] o] ot dd|o|E Eolu| = F (%= AMP
deaminase)®] =7t FAZONA =] WO thMeyers}
Terjung, 1979; Babij &, 1983; Banister ‘s, 1983; Buono &,
1984). FHWALS| 2] o] 7|5 Aefet 7 el
FFE v F o SEdte 25 U 83 VIS
et 53 St FHUAE R AlSAR] S5
A ZHTHNA-L aspartate S B LZ 313 o]F A7) 28|
A= o}u| =2~ (amino nitrogen)7} &5 ofokgt sttt F
AIS| 2 9] 271X AR A Z-83l= G491 ADSL(adeny-
losuccinate lyase ; EC 4.3.2.2.) 2] ZHo|u f4714€4 ] Ho]

= QA eE AT, ANESAA|, Z54F 2o 1t
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FRAA = Q17te] A Azbel AWS g o] B
AT7E XY E WHE TSl A Y] ATtE ol 7EA] mRigh A
Aol A et 23747} U A] Al Qo] HABE A Aested]
-9 F Q8 FAAE ALSETE meb 2 AFlA s g
Ao ADSL F3Al @7 E WHol A oS st
5 FATASAR NF e 55 A &8st A

Al8kSAT

gL

1. SAl RHZ

B A7 FAAEE s FHE oA
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2 7MY daAlel e 885E AEste] ddlS EDTAV}
T8 wbeol] A3 o, 3
DNAE AAste FAAMERZ o]-83Fh

2. Genomic DNA2| ==

FIAEFY Aoz HE DNAY £ 2 FES Genomic
DNA Extraction kit(Bioneer ") 0.2 R Z Ao ule} A=}
11, ¥2% DNAE TE Buffer(10mM Tris-HCl, pH 7.4 ImM
EDTA)ol| 83151392 PCR(Polymerase Chain Reaction) %
5 9% FHo =2 o8k

Table 1. Primer information for PCR analysis

o2

7ol E o83 BAIZ AT v 24

3. Primer &H ¥ 7
ADSL 72K GeneBank accession no. AY665559) W] o]
2195 GA8H7] $1elA Table 1914 A primerEs: AH§-
st PCRFFHol| ©]-8-3kth. Primer A|2Hs ¢8td ¥Hol7t
a’3=] = 4719 exon A 9¥(exon 5, exon 9, exon 11, exon 13)
o EH}\}_O_E A7 AL B3] 95t 7 exon DL E
oFk PCR AHE-S 558 < Q< primers A28t A2t
% primerE ©]-83}4 PCR £%-8 AA|$ 23} Z+z} 346 bp
(exon 5), 414 bp(exon 9), 443 bp(exon 11) 1] 483 bp(exon
13)9] S35 2H=S direct sequencing” ]S 3} A71A]
a8 ﬁxqg}oq g,]z_ Primer= ;q]xlg}gal:lr
A2 primer S ©]-83F] PCR W32 $13F annealing
L= gradient PCR 248 53 4 25
PTC 100 peltier thermal cycler(MJ Research, USA)2 ©]-8-3}
o] PCR ®WH8-& 83} t} PCR ¥H3-9-S Template DNA 1
©£L(20 ng/ L), Z+Z+2] Primer #4 0.1 £L(10 pmole), dNTP 1
£L(Q2.5 mM), 10 X Buffer 1.2 L % Taq polymerase 0.06 x«L
(0.5 U/zL)E #718ked PCR W& B8 F 10 pL=E AT
& 94 CollA pre-denaturation 4%, 94T A denaturation 40

%, 7} primerdl] 7F 2|33+ annealing 2520114 402, primer

T =

extension 72 C 1% 22 % 35 cycleZ 43 % final extension
< 72 T 202 &<t A3 5% PCR tha2 ethi-
dium bromideZ %713+ 2% agarose gelollA] A7] 453t
FEARE FRlstnh

4. RFLPE 0|83t FXIAE 24
ADSL fr32}¢] SNP &H21-8 9] PCR 412 Wjoll &3}

& o] Aoje) f44Y oL 918 PR SF 412 A

Sequence of forward and reverse primers

Annealing temp.

Product size Gene bank accession

Primer 5
(5—3) (©) (bp) No.

ADSL-P5 cagcgaaggatggtectttt 56.5 346 AY665559
ttttgatgccagaacctcca

ADSL-P9 caggacctgcatcttcctga 57.8 414 AY665559
tcegatctttgagagaaaacca

ADSL-P11 ttccacagtaacgttccagaca 58.7 443 AY665559
agagagcggagtctggcttt

ADSL-P13 cacacacacgcacacacaca 58.2 483 AY665559

tacacacaacggatggaggc
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kage(Version 9.1)5 AF&-3le] E43351%T)

Yic + 1 + Gi + ei

Y = o F2 gk #=H
p = o Bae) AA Wi
G - fHA A
Cik = ol:l]*g] 9—;-(]'

Z2 1t

S ADSL 32l 719o] A H9E §HA817] $1sted NCBI
o] EST dlo]Ejuo]2=9} SNP Ho]EjH]|o] 0] HRE o]8-3}
o] multiple alignsS &3l WHo|7} ol 3= A& &8t
of e HolA e FHAEH dHHFAAE ] NEE
24319 t(Table 2).

=1 A3} intron 594 270, intron 8914 17N, intron 9914
370, intron 10914 27), intron 12914 17§ ZL2]al exon 1391
A 270 F 1109 WMol HE FRIE 4 AATHFig 1). ©]
S exon 13 A9 27]¢] Wo] XL BT ofn]i=slo] vl
+ missense mutation© 2 A=Atk Exon 13 A Fol| £]3]
3} 15542bp(GeneBank accession no. AY6695559)= C €717}
TZ = RS Rt em o]= ADSL f-3412]4439
A o}u]:=2} alanine(A)©] valing(V).L-2 H}¥= missense mu-
tation®] Ao 2 FIEIT) T3 15550 bp GA] C 7} TZ
v = AS AT ofuAl A o] proling(P)ol| 4] se-
rine(S)2.2 X &= 22 Ikt

Table 25 & AT7E 53 A=w HolXYS Uitz ¥
olo] W2 FHAHA HFEFHAF S RNEE YeRd o]
o} GI0108T A9 G €717t T= 1 gEem T i
Azke] N7t 0482 Y 71 =2 WHol7t yehd A
2 ZlEom G10375A9 A10402C x]ou 97|Hol7}k

dojt dig 3R] Hxe 247} 0.2859) 02552 YERY
Hn A =& 720 F AEFU. ¥HH missense mutation O =

shol®l C15542T A Q7 C15550T A He F X 2% C 4

Table 2. Distribution and genotype frequencies of detected SNP

on ADSL gene in Korean native chicken

Mutation

position Genotype  Frequency Allele Frequency

T+7724C T 0.71(62) T 0.835
TC 0.25(22) C 0.165
CC 0.04( 4)

C+7732T cC 0.89(78) C 0.945
CT 0.11(10) T 0.055

G+10108T GG 0.22(19) G 0.520
GT 0.60(53) T 0.480
TT 0.18(16)

A+10356T AA 0.93(82) A 0.965
AT 0.07(6) T 0.035

G+10375A GG 0.39(34) G 0.585
GA 0.39(34) A 0415
AA 0.22(20)

A+10402C AA 0.39(34) A 0.585
AC 0.39(34) C 0415
cc 0.22(20)

A+12716T AA 0.82(72) A 0.910
AT 0.18(16) T 0.090

T+12717A TT 0.43(38) T 0.715
TA 0.57(50) A 0.285

C+15491T cC 0.53(47) C 0.745
CT 0.43(38) T 0.255
T 0.04( 3)

C+15542T cC 0.89(78) C 0.945
CT 0.11(10) T 0.055

C+15550T cC 0.86(76) C 0.930
CT 0.14(12) T 0.070

( ): Mean number of chickens.

717F T @712 X$E o™ T id F34H9 RIEE= 0.055
(C15542T)2} 0.0701(C15550T) 2 YR} |7]x)8ke] Hie =
O 22 2o 2 yEsith dAfsi e ADSL A=
ol x93} NCBIo| 525 WHol] x|¥7te] vluE AAs}
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Fg. 1. Identification of sequence polymorphism in ADSL (Gene-
Bank accession no. AY665559). Coding exons are marked
by shaded blocks and 5' and 3' UTR by white blocks.

AT Table 3). SNP H|o]EjH]o] 20 T2 ADSL A2
A7IME HolAHL 5AE ERIE IS exon 2 A4
270(G3713A, C3797T), exon 11 Aol A 17](A12827C) 1]
I exon 139141 270(C15542T, A15574del)7} S=E At} o]
= exon 13 X|¥29] C15542TE missense mutation®] ZAO =
FRIFAJTE 2 AFE B3 £4% HolAHLS F 11719
A SO 2 intron Ao 97, exon | Ho|A 277} HEH

Table 3. Showing the SNP information of NCBI SNP D/B and
this study on ADSL gene

@A el ADSL 334 W G A7IHolE o] 83 FAE At Aud

Amino
Nucleotide Mu- . . .
. . Function Region acid
position tation .
position
3713 g—a Silent mutation Exon 2 59
3797 ct Silent mutation Exon 2 87
7724 toc - Intron 5 -
7732" et - Intron 5 -
10108° gt - Intron 8 -
10356 a—t - Intron 9 -
10375 g—a - Intron 9 -
10402" a—c - Intron 9 -
12716 a—t - Intron 10 -
12717 t—a - Intron 10 -
12827" a—c Silent mutation Exon 11 369
15491 et - Intron 12 -
15542” ¢t Missense mutation  Exon 13 443
15550 ¢t  Missense mutation Exon 13 446

15574" a del Frame shift Exon 13 454

M
1%

At} SNP HloJEjujo] e FEH ®lo] XY F C15542T W
ol & ATXE HAEo| oM thE ¥R Y(G3T13A,
C3797T, A12827C, 15574)2 B Aol HEH A ot
B Ao A 74ZE= missense mutation= C15550T X <-2 SNP
tlolEjH o] 20 FEE o] QIA] &2 AlFE F4E SNP A
g2l Aoz FRIFo] g+ E4 Hinf 1S o83k C15550T
Aol FHAPS A4S 2 Fig. 29F Zo] 180 bp, 245
bp, 483 bp Z71¢] Aol TS Itk 1eja
FAFY U= CC7} 86.4%, CT7} 12.5%, TTE 1.1%E CC
7} 7P e 3 HIEE HTtHTable 4).

C15550T #A|<f9] woje} AAF A 7te] <
A ArkdEe] A9 CC FHAES 172
ARG Eol Hlg] AlAFdE o] =3 FoZ UERGOH(TT:
150.00, CT: 162.00) ©]= %s}oq o

Atk A YoIM = TT 5-214138(94.00)9 B3| CCH-
ARE(74.30)001 4 v 2HE YeR AL 9lon #2979l
AFIS FRIBHATHTable 5). ©]= CC FAAE S A 7|
Agol =9 ALY EES UePH o R 18 9 vAIE 3
o7 Atz Hrh

«—A483bp
+—245bp
«—180bp

M CC TT CT CC
Fig. 2. Electrophoresis patterns of the chicken ADSL by digested

with restriction enzyme Hinf 1. (lane 1: size marker (M),
lane 2, 5: CC genotype, lane 4: CT genotype, lane 3: TT

genotype).

Table 4. Genotype and allele frequency of the C15550T poly-
morphism in chicken ADSL gene

. Registered SNP of NCBI SNP D/B.
" Detected mutation in this study.

Genotype Genotype frequency Gene frequency
CC 0.864
C=0.93
CT 0.125
T=0.07
TT 0.011
Total 1.0 1.0
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Table 5. Effect of the polymorphism in the ADSL gene on the economic trait in the chicken

C15550T The first lay day Mean of egg Mean egg Body weight Body weight

genotype (day) weight (g) production 150 (g) 270 (g)
cC 1724+ 146° 39.65+£0.55 7430+ 1.53° 2,146.2+ 30.85 2,521.5+ 37.6
CT 1620+ 4.62° 36.85+1.76 86.00+ 4.85" 2,100.7+ 97.57 2,559.3+119.0
T 150.0 + 12.24° 37.00 £4.65 94.00 + 12.85" 2,165.0 +£258.16 2,645.0+314.9

+: Means standard deviation.

[k

a

=
r

ALS] Z(purine nucleotide cycle)2] o]/ =715 ol
b ollol] JgkS wd 4= At} Adenylosuccinate lyase
4 Al F N UE S SHAT e E40H

A48 AL BAUALE 457 918 B
Z

R g ox
12 o oo
od M M

i > o ro
[
A
2l
T
1_,,
%
ol
ol
£
ox
o)

g YA At

=5 o8 dF A i
B} $JTHEdery 5, 2003; Jacken 5, 1988; Van den
Bergh 5, 1993; Stone & 1992). Valérie -5(2000) ADSL 2
B IS ddoE A7IME "ol 4% 27} S395R
Holo} A2V ®ol7t A HEEHAS 75 27 M Hdolgte
A4 Y FEE Bon, 7P A4S missense
mutation-& M26LC.E o] WHoli= ADSLO] oHgAdx} AlA| &
&30l Tt Az a7} e 5] US-S HAsHth
T3 R303C Wo]& fumarate lyaseoll 7Hg Z3sHA 1X|3H
o] FEESl] lo] H = lFo] BiElal, R426H
Ho = T450S 9 o] #ol7t AEHAS 4 2 A
Tage] f9le] "ok B stk

o]} o] ADSL A HelX 92 437} oA o
Ab 2Rl Qlof A S P
wetA 7159 4= ADSL A
ANUAHAL B-E Y PRI S Ao E A5 Eh 7}
5o S AARAY TP W T8 8%
ol AAIAR] S APH o= A Q) S
AR WolxHol| thgt AF= w9 T8 IS & A
o= 7|t o] ok spA|RF o} A 7R BA7VS 59 ADSL
Fraxtel AEE A= vES A Ak wEkA £ A

+ S A S ADSL A U HolA o8 galste]

it
Ho
>

o> oox X OMr o
i)
Gl
P
=
hon
>
X0,

2 o o
™ 2. o
o

[e]
A5 %

oA S EUE g 4% e ouA diAreke] AdAd

u
52 wasted 7% AR F850) B89 2o A
C

2 A7  ADSL A f71Wo] A oS gAEH)
&J3}ke] NCBIo| 525 9] )= ADSL sequence “d 1 2} mRNA
sequence 52 ©]-8-3l4] multiple align 52 £3}o] Ho] 4
AA L A5k exon 29 G3713AT} C3797T, exon 119
A12827C, exon 139] C15542T} 155745 ©A5 k. 18]
3 A AFE 53k intron 5] T7724C, C7732T, intron 8
2] G10108T, intron 92] A10356T, G10375A, A10402C, intron
102] A12716T, T12717A, intron 122] C15491T, exon 13¢]
C15550T] Wo]A & stk

o]F 17 A9 719 SNP Hlo[ElHo] =0 TEH A
ol Y] 107]2] A H-2 At SNP Aoz SRl
3} exon 13 W XYL poly(a)7} F7FEE 3' UTR A3}
TR g XOZH o] AP Ao gk RNAY Hg o]
el dalg o) o] A HYEE A HOE v Fa
slt} & <= Stk o] A YGell EZA)3H= SNPE= C15543T, C15550T
© F C15543T+ 7|2 NCBI2] SNP H|o]E] Hjo]2o)] 525
missense mutation®.™, CI15550T= & A4S S &4 =
missense mutation®|t}. 3 F7}& <l B4 BAS
53l B B2 A+E0] JErhA ADSL F-3Ake] £
7153 EAHTEHE Aol -85t &8 2 Zlo|th SNP
dle]ew o] 20 5= ADSL F-34F U] G7]He|X gL 5
7HolH, C1552TE AlQlgh 47)9] A9 & AFolMe ¢
7o} 81 =] edeket. whA Skt J el A C15550T
| <o) 417 missense mutation © = FR1=| ] O H, AJAk & 7}
k] Qo] oAl AdS ERISHATE o|= NCBICl
SE5 o] A= ADSL fr32ket T E SNP to|E| o] ==
471 2] HHRed Jungle Fowl, White Plymouth Rock, White Leg-
horn, A local Chinese strain)ol|A] B-AE Zolx, B A=
S A S o] 83l SNPE 4151 7] wiEo] =&

SNPE &4 & 4 Sith

Ir



212 o]

tlo fo X

A S AN St Z & QTL #4174} SNP B4
A frAkle] SHe} o vlg- T28 e
& Aoy £ A7E T FAE SNP AL F71HQ)
B3l 715o] ADSL frAkE o] 8 EASF
712 Ar2A FasH 282 2o AsdErh

<l e
U
o
o,
i‘_},
L
o[o

=) = A7 W77, 787l 1
23l oy ]‘:H/\]"’ﬂ 3412 Q1 HE-E 3= ADSL(Adenylosu-
ccinate lyase)2] exon §YS T4 Z PCRE 43335l DNA
A7IME A4S T8l Al gl GYFTIEAS &
olatgitt. 97154 Az & 117 (intron 5: T7724C, C7732T
intron 8: G10108T intron 9: A10356T, G10375A, A10402
intron 10: A12716T, T12717A intron 12: C15491T exon 13:
CI15542T, C15550T)E A& 5= Ao E3] exon 134
9] HolEL2 747} olw|=4ko] = missense mutation 9 ©]
2}21 %] 1 tHAlanine — Valine, Proline — Serine). F=3F C15542T
¥lo]= NCBI®] SNP HloEjH]o] 0] 558 Ao= 215
a1, C15550T+= SNP H|o]Eju| o]0 T2 R ok 4157
HolR o2 I o] A o] FptEE 3
UTR A& &3] exon 13 B-9jo|H F712 o2 ADSL /3
Ao} ofuedt wol} g Hskel 44 W oA tiajske)
AWE H1EE S £ AF Ade T8 882 Ao
2 7] Eck

Babji PS, Mattews SM, Rennie MJ 1983 Changes in blood

ammonia, lactate and amino acids in relation to workload to

Ao} 5 @AAE) ADSL A2 ) HALT 0| o] 8 ARG Ae] A

M
1%

workload during bicycle ergometer exercise in man. Europ
J Appl Physiol 50:405-411.

Banister EW, Griffiths J 1972 Blood levels of adrenergic amines
during exercise. J Appl Physiol 33:674-676.

Buino MJ, Clamcy TR, Cook JR 1984 Blood lactate and am-
monium ion accumulation during graded exercise un hu-
mans. J Appl Physiol 54:582-586.

Edery P, Chabrier S, Ceballos-Picot I, Marie S, Vincent MF,
Tardieu M 2003 Intrafamilial variability in the phenotypic
expression of adenylosuccinate lyase deficiency: a report on
three patients, Am J Med Genet 120A. 2:185-190.

Goodman MN, Lowenstein JM 1977 The purine nucleotide cycle;
studies of ammonia production by skeletal muscle in situ
and in perfused preparations. J Biol Chem 252:5054-5060.

Jaeken J, Wadman SK, Duran M, van Sprang FJ, Beemer FA,
Holl RA, Theunissen PM, De Cock P, Van den Bergh F,
Vincent MF, Van den Berghe G 1988 Adenylosuccinase
deficiency: an inborn error of purine nucleotide synthesis.
Eur. J Pediatr 148:126-131.

Kmoch S, Hartmannova H, Stiburkova B, Krijt J, Zikanova M,
Sebesta 1 2000 Human adenylosuccinate lyase (ADSL), clo-
ning and characterization of full-length ¢cDNA and its iso-
form, gene structure and molecular basis for ADSL defi-
ciency in six patients. Hum Mol Genet 9:1501-1513.

Lowenstein JM 1972 Ammonia production in muscle and other
tissues: the purine nucleotide cycle. Physiol Rev 52:382-414.

Marie S, Cuppens H, Heuterspreute M, Jaspers M, Zambrano
Tola E, Gu XX, Legius E, Vincent MF, Jaeken J, Cassiman
JJ, Van den Berghe G 1999 Mutationanalysis in adenylo-
succinate lyase deficiency: eight novel mutations in the re-
evaluated full ADSL coding sequence. Hum Mutat 13:197-
202.

Meyer RA, Terjung RL 1979 Differences in ammonia and ade-
nylate metabolism in contracting fast and slow muscle. Am
] Physiol 237:C111-C118.

Spiegel EK, Colman RF, Patterson D 2006 Adenylosuccinate
lyase deficiency. Mol Genet Met 89:19-31.

Stone RL, Aimi J, Barshop BA, Jacken J, Van den Berghe G,
Zalkin H,. Dixon JE 1992 A mutation in adenylosuccinate
lyase associated with mental retardation and autistic features.
Nat Genet 1:59-63.

Valérie R, Sandrine M, Marie-Frangoise V, Van den Berghe G



Lee et al.: Identification of Novel Single Nucleotide Polymorphisms on ADSL Gene Using Economic Traits in Korean Native Chicken 213

2000 Clinical, biochemical and molecular genetic correlations J Inherit Metab Dis 16:415-424.

in adenylosuccinate lyase deficiency. Hum Mol Genet 9(14): Van den Berghe G, Jacken J 2001 Adenylosuccinate lyase de-

2159-2165. ficiency. Pages 2653-2662. In: The Metabolic and Molecular
Van den Bergh F, Vincent MF, Jacken J, Van den Berghe G Basis of Inherited Diseases, vol. 1I, 8th ed. Scriver CP,

1993 Residual adenylosuccinase activities in fibroblasts of Beaudet AL, Sly WS, Valle D, Childs B, Kinzler KW, Vo-

adenylosuccinase deficient children: parallel deficiency with gelstein B, eds. McGraw-Hill, NY.

adenylosuccinate and succinyl-AICAR in profoundly retarded (4 2009. 8. 7, 77: 2009. 9. 23, AE: 2009. 9. 25)

patients and non-parallel deficiency in a mildly retarded girl.



