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One of the major problemsin the modern pig in-
dustry is infectious disease. Susceptibility to infec-
tious diseases is influenced by both constitutional (e.g.
genotype, age, gender, and reproductive status) and
environmental factors (e.g. nutrition, management,
infections, and other forms of stress). Genetic varia-
tionswithin individual animals or herds can cause dif-
ferencesin the execution of immune functions against
infectious agents in domestic pigs. The objectives of
the present study were to identify genetic factor(s)
responsible for piglet survival and mortality under
commercial field conditions with infectious diseases
as well as determine QTL regions for immune capac-
ity in a pig reference family. Sex ratio was examined
between normal grown and presumed dead groups
of F2 animals generated by Korean native pigs (KNP)
and Yorkshire (YS) breeds. The ratio of males was
significantly higher in the presumed dead group than
in the normal grown group. In order to study genetic
factors associated with presumed mortality under dis-
ease outbreak, allelic frequencies of 239 single nucleo-
tide polymor phisms (SNPs) were compared between
normal grown and presumed dead groups. Exactly
22 SNPs showed significant differencesin their allelic
frequencies between the two groups, and four of them
were validated with another commercial population
divided by normal and emaciated pigs. Furthermore,
the relationships between 239 SNPs and immune-
related traits were studied. These results demonstrate
that identification of genetic components of animal im-
mune systems and susceptibility to infectious diseases
is possible and will be useful to improve disease resis-
tancein individualsaswell asin breeding programs.

Key words: SNPs, piglet survival, piglet mortality, Korean

native pig, pig populations
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g e dom, koA = =] (Korean native pig, KNP)
o} @ ¢ A4 (Yorkshire, YS)mu) W ehol| A QYake A= o] A
Z I} AL ol A Al ol whE AE B A AFE ol M A=
A 9 23970 €] ©d ¢1 7] " el (single nucleotide poly-
morphisms, SNPs) w55 o] -&3sto] Jot 3ho] tf g7
WEE val 4% F38hgla, §24Ql Rlxxto]7}
G we] npAES Adkste] P EelA T 9
et} e Aol Mo ASE4 S sdshsith

gl

Koo g

Materials and Methods
SANE ¢ SERN

A e < (Korean Native pig: KNP) 5vlg]¢} @M
(Yorkahire: YS) 9wl2] & ¢l o] A o & sutale] Askel Fyo]
Ae T5 A0 AE A AR f47 0y
AE AR EHE e S Ry AR W E Sl
2007d 874 Evhe By Fvk F wALSAE 26859 &
9 ANE 21555 & A9 o] &33it) e fTol o
|E A A A E FEIAMA Ank APy Al g
o "ot AEE F 5= 17979 A= 2007 Ao
< o] &3kt

% 213% 9] me]x4 300 mge =56 Wizard® Genomic
DNA Purification kit (Promega. co., Ltd, USA)Z o] &3}
o] genomic DNAE #g]3le] ¢]8-3}31t}h. Genomic DNA
o #el#AL mex4 300 mgell 500 pulLel Nuclei Ly-
sis Solution=} 0.5 M EDTA solution (pH 8.0) 120 uL&
Z7}skar 20 mg/mL<] Proteinase K 17.5 pLE 713k ¥
55°Cel A 3} (overnight)s <t incubationsle] &8 A%
t}. 1 ¥ Protein Precipitation Solution 200 pLE %7} %
vortexing 3 t}-2- 13,000 RPMoll 4 657 914 H2] 3131t}
4% N& isopropanol 600 pL 713k A28 FHo &7
o Inverting A171 ¥ 13,000 RPMei Al 53-3F 4]
stk A a0 wEla 70% ethanolS 600 ul 3 7}a}o]
13,000 RPMoijl 4] 527+ 914 #2] & & A5 9-& w2l i 30
E-2F DryAl# genomic DNAZS #2313t}

DNA A& #2412 spectrophotometer (Pharmacia Bio-
tech, England)E ©]-&3le] 260 nm~280 nmell A 3 =E
=H3to] DNAS 529} =3 Felsqit)

F2
A

SRYRL ZF (ZFX-ZFY] ST XIC| PCR J|¥E 0128 4 AY
H A=A = 2685 9F = 2485 2] w2 ol A
DNA £ ©]-g-3}e] Cho (2005) 5[7]¢] A}-&3 SRY
o} ZF (ZFX-ZFY)+- 2 #k2] PrimerE o] &-3te] PCR
a3l cH(Table 1).
DNA ZZ& $13 A-8-% PCR 7]141:= PTC-200 themo-
cycler (MJ Research, Watertown MA, USA)¢]™, DNA

FE

FAA
[e]

Rk

-

Z 3 &+ h-Tag polymerase (Solgent, Korea)& A+-&3}
sith PCR w8278 template DNA 25 ng, primer 0.01
uM, dNTP 5 mM, 10 x PCR buffer 2.5 uL, Z12] 32 h-Taq
DNA polymerase 0.625 units& 2o A% w5 25 ul
& ol &t R AL Hx 95°CelA 1583 w7t
d gk - 95°Coll A 20x F<F WgAl7]aL, ZF Primerel] o
&38}i= annealing =0l 4] 20% 121 72°Coll A 30% &
A (extension) A 7]+ = 40 cycles ¥H535 23111 72°Coll A
5% vix] 2k gt w7 (final extension)E 53 6tar DNA 5
L5 TSIt TE AR EL2 10 uLE #Hste] 25 2%
agarose gelol~ 100 mV kel A 203 #7955 5
&l gelakith

SHUAT|BOI(SNP) OFH M X SEXIH EA

¥ Ao Ab&E SNP marker= NCBI =% SNP do]
B W] o] 2 (http://www.ncbi.nlm.nih.gov/projects/SNP/)ell
FAE A= 5450709 G7IAES AEA s BelE F
1787711¢] SNP % 239711 & Adalo] 123 A o] &
a3l tHE].

MassArray PlatformE 0188t H2HI|HO| SVXIH EA

23971 ¢] SNP= ©] %312 ¢]-8-3ko] Multiplex PCR prim-
er=Y 14709 Panels tixllsteltH9]. Second<} First
PCR PrimerZ o]&3}o] Multiplex PCRS =830} S%
g $ 47159 extension primerE ©]-&3te] MassArray
method 2§41 x-8 £41& 3431 tH9, 10].

2 WA, multiplex-PCR #8942 PCR reaction
buffer 10 mM (Tris-HCI, pH8.3, 50 mM KCI, 1.5 mM
MgCl,)¢} 2.5 mM dNTPs, 10 pmol first and second prim-
er pairs, 10 ng<] template DNA, 0.5 U h-Taq DNA poly-
merase (Bioneer co., Ltd)<} Nanopure H,O& A}-&-314 %
HEg- 2 10 uL2 39tk PCR W&ol = ABI GeneAmp
PCR System 9700 (Perkin-Elmer Co., USA)Z AH&-3%
a1, PCR =78 95°Cel 4 15%7F pre-denaturation 3 3-
95°Cell Al 207} denatruation, 56°Cell 4] 3037} anneal-
ing, ZL2]aL 72°Cell A 17+ extention 45cycles 4=3) gk
F vpx|Eto = 72°Col A 381t % extention ¥4
gt PCR % A2 29 o] 277} o
allele size ®19] Wl EA18H=4], PCR =719 444 o
£ gsl7] $18ke] EtBr (ethidium bromide)e] 3% 2
agarose gelell 117199 53}a1 UV ol A #2313l o)

T WA, dNTP = #7371 $13] SAP treatment 7745 2
Alsksith. SAP treatment WFg-9) 22492 10 x SAP buffer
0.170 pL, SAP enzyme 0.4 U<} Nanopure HO& A}-&-3}
o] & wk-g-ol 2 L= &It} SAP treatment z=71& 37°Coll
2] 203 738 - 85°Coll A 537 3-8 Al FA T

o e Ay

Table 1. Primer used for the amplification of porcine SRY and ZF (ZFX-ZFY) genes

Gene Acc. No. Primer sequence (5'—3") Fragment size(bp)
CCCTTTTCAAATGGTGCAGT

SRY U49860 TGTGAGAAAGTCCCGGCTGT 704 bp

7F AF454949 and GCTGACCCTGGAGAAGATGA 476, 379 bp

NM_177491

CTTCTTGTTGAGAGTCATTGACAG
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Al A, iPLEX 98-8 3}7] ¢lsl 10 x iPLEX buffer
0.755 pL, iPLEX termination mix 0.200 pL, extension
primer 7 uM, iPLEX enzyme 0.0041 pL<} Nanopure
H,OE Abg3le] wkgle 2 uL= &t iPLEX w5
& 95°CellA] 307, 95°Coll A 527t 52°Cell Al 5x71,
80°Cell A 57+ =83k 5 3 stepel A 5 cycles =33+ &
2 stepoll 4] thA] 40 cycle 43§k 5~ 72°Cef Al 3&3F 2+
< F¥sislch. 384 wellol~ SpectroCHIP (Sequenom
SpectroCHIP®) o & sample ©]%% ¥ MALDI-TOF mass
spectrometry (Sequenom Compact system)=- o] 83} &
AxE e #Estol o Data ¥4 2 sorting> Sequenom
2] SNP &4 program?! Typer 4.0 ©]-&3}] genotyping
Az 29 9 2 F ¥4 3} Excel program ©]-&3}to] Data

HALED &= MM S2AI[H0 SEXY HT 24

g Aok 234 wakE B e 4855 5 HAEA
¥ 26855t PE 215% 2 F TS Lpro] 239709 @
de7I¥el = 379 dAEE W& Has Fgsrsitt. A
A2 F 48559 AE 215 Hw zke] g A W
=& -3 Chi-Square tests Fasto] fro] 42l a3t=5 1
Ehfl= v E S]lskglon, 7 HAl 2 5 4859 HAbE
A= 268 Ak kel g HfdAk Rl E -8l Chi-Square
tests A olste] ol 43l v E At vpA o
A 2159 A E 268 H 7ko] dl ARl W
£ 7-@ll Chi-Square tests 3 sto] HF Fo14< vpAE
42 spalek(Fig. 1).

sorting 3} ct. PCR-RFLP method £ 0188 A== HAE MM ES
o~ oy BN o> oy oy SN :
z . }\y a‘
. % . No. of Significant SNPs (<0.05):
Stepl. #% -~ ~ -~ 1: SSC07_rs45431209
ﬂﬂﬂﬂ sy Vs. ﬂﬂ. ﬂﬂ =y (KI.440082 gene)
Total piglet population Survival piglet population
(Survival and Mortality: n=485) L (Survival: n=215)
e o e
el o I gy
Step2. ﬂa =] ¥ ﬂ& ﬂ' No. of Significant SNPs (<0.05):
1: SSCO07_rs45431209
ﬂﬂﬂﬂ s Vs. ﬂﬂﬂﬂ o] (KTAAr:?;;z gene)
Total piglet population Mortality piglet population
(Survival and Mortality: n=485) (Mortality: n=268)
Sy N ~y
-2 - & TR -y
Step 3. : S
fou] N O oy "~y No. of Significant SNPs (<0.05):
o SR My Ay = 22: SSCO7_rs45431209
My Sy e " -~y (KL440082 g_e:i) +21SNPs
Survival piglet population Mortality piglet population
(Survival: n=215) (Mortality: n=268)
Fig. 1. Step of significant SNP markers selection for in this study.
Table 2. PCR primers and restriction enzymes used for genotyping four SNPs
Gene & . s o as Fragment o Restriction  Size (bp) of the al-
SNP Reference ID Primer sequences (5°—3”) size (bp) TA (°C) Enzyme (°C) lelic polymorphism
DSP CAATGGCGTGACCGATGG o Hpy188I
G>A rs45430738 TGTGGCTGTGGCGTAGGCT 472 bp 60°C (37°C) 307, 263, 165 bp
RASA2 GTGCTAAAACTGCCTAAG o Msel
A>C rs45431691 AACCCTAGCACTGTATGG 102 bp S4°C (37°C) 102,60 bp
MYH3 CGCCGAAAGCTCACTGTG o Bsll
C>A rs45431421 CTGGGGAGGAACCTGCTG 265 bp 55°C (55°C) 265,214 bp
GSN CGGGAACCTGCAGTATGA o EcoRV
GSA rs45435111 GGTGGTCTGGTGCGATCA 291 bp 56°C (37°C) 291, 245 bp
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>

PCR-RFLP methodZ ©]&3le] ur 2}

o
2 gl 2= 7h-dl 95 17959

AN HSE ekl

#%]  DSP G>A (rs45430738), RASA2 A>C
(rs45431691), MYH3 C>A (rs45431421)¢} GSN G>A
(rs45435111) @A @70l &5 Litel: Jodo] TS 9
3 Oligo 6 (Molecular Biology Insights, Cascade, CO,
USA)Z 2138 o]gste] v 7] Primers A%a}3ict
(Table 2).

DNA T%& 93l 2183 7|4 PTC-200 themocycler
(MJ Research, Watertown MA, USA)< o]&3F3 o,
DNA %3 a4+ h-Taqg polymerase (Enzynomlcs Korea)

& AH&eklth. PCR wH3-%712 523 DNA 25 ng primer
0.01 uM, dNTP 5 mM, 10 x PCR buffer 2.5 pL, ~12] 3
h-Tag DNA polymerase 0.625 unitsS- o] 2% w34 25
uLE o]-&33itt.

3 %

200+

o,
Y
i

i o

\

o ¢
o>

DSP 74 G>A ¥olol td FA4d BAe FED
PCR A&l A G Blo] & Q14 8k Alstas Hpyl I% ]
2] 5}o] -2 83T}, ok RASA2 ASC Wlolo) ol ¢t 4

A2 A 9715 dA 5= MselS Agfsto] a8kl on,
MYH3 C>A Rofol] thgt f349 242 C d7]E 9438t
= Bsll& 2l ate] =kl 2] 3L GSN #2 G>A #
°]= G 9471& <48k Algras EcoRVE A Este] 3
skolth(Table 2). 24t2-e] Wol&el gk fx 43 A4S A
3 g 2 unit 2 Yol 717¥°1 2 A ukS A A 647k o] A
8-S Z3) dokd 952 2.5% MetaPhor agarose gel
(LONZA USA)eA 90 mV Aho = 40312 77 &

= T 5 AA ST
J0IHIZ 2SS 0188t X1=2 YOI 015 F HAHE0 OIXl=
oy BA 3 Mo MEN0| SMXIE HIEEA

Fhol A5 7% (Chi-square)& 7he|aLe] W= 3k 2fo] 2
THAE A7) S18A AFgske ofF &3 TAHRI A

T Wolth 5 dlolH7t oS53 X5 w2eA] HF5e)
+ wWH e, Golden Helix SNP Variation Suite version 7
(Golden Helix, Inc) software= o] 8-3}e] #pi=o] gio
fr 5 ARSI AEEC Aol A=A S 8] Adl of
g ot Ze AT FAAE NEe} AAFA
A W Egke] Apo] A A] off ot &2 FholAly AT
&3kl

z
X —square = 3 of (observed X(i;iti:;j; ?;zzuct:i :1 frequency)

o
=

(e}
9] ﬂ—ﬂ

o
HO o

=

Results and Discussion

SRY RUXI} ZF (ZFX-ZFY] SEXIQ PCR JIEE 0182 4%
g 21

T8 AL W sG] 557HA kel A Aabe g A
el Aot £ aX wdE R A T AxFEE A 1117
o e A 101?% Aol = ko] DNAE o] &
sted PCR 71 o2 A3k Jul& FA4 315t DNAE ©]
&3k AJ7kHol= SRY FHAS ol &3 W, ZF (ZFX-
z|:y) qu} ol g3 Wl F /1A E o] 434 =d|, SRY

FAA= S22 (male)2 4 $- 704 bpell A FZo] ¥, A

(female)el 45 2%l 92 Bich, 5h4% SRYS o|§
@ 4719 9412 DNAS) quality dlo] o] 57 2
£ AL RAE) e, AE 4 LRE WS+ ek w

B ghal 1 8l ZF (ZFX ZFY) 5 ﬁx}%

F/W olz] g W&
o] &3k A 7hd o] AMLHATHT]. ZF (ZFX-ZFY)

242 o]-&5 PCR W& o] &332 49 %7l (male)d ﬁ

9 476,379 bp FAl9] TF MEE g9l & 5= lon A

(female)! 7 %-+= 379 bp slriel o =

A H(Fig. 2).

=
T
1_,
9

HALE ¥ FEE FHAIM 82 25 2 A3y 20
e gl Aduet HAEA = d

Table 3o vepidlc). #HAEAE FdelA 527l (male)
o] E@nNInTl EokoH, = A

Z(female)e] &N =7t =& 3 e #H2
o Ao gule WiEAtel= {FoAQd &
(P<0.05). & A= AyYAFol A e H = o] Jie] o
AbEIE Aol fro] A9l A ete] glvkar W A2 et

x5t Aoz vehgoh[11].

E

Fi
¢

HAL=EL o= FHIM XY BT X 2 Ay Zit
S A el A eF @AM wE Fy [, HARA = 2687
o} A 215%F % 485F MassArray method & o] &3}
o] 23970 9] G Aol o] FHAH S BA T
FAAY WL s 9 3wl dA Feite] f94

rEru

Fig. 2. PCR amplification patterns of A) porcine SRY and B)
porcine ZF (ZFX-ZFY) gene.

Table 3. Comparison of sex frequency in Survival and Mortality piglet population

Sex Piglet Survival Piglet Mortality Total piglet Chi-Test (P-value)
Male 0.40 (n=45) 0.60 (n=67) 1(n=112) P<0.03
Female 0.56 (n=57) 0.44 (n=44) 1 (n=101) P<0.04
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WlEfo) 7k b= whA & 4 kah gl tH(Table 4).
A WA % 4855 9 A 2155 9] vk W)
2 st on fol4el taldr]ve] nE A 7

225 A eH(P<0.05). F WA = 5 4855 9} w457 = 268
Febe] Wl mlal A A A HAek T GddrH
o] 79l 1545431209 17] = 2= rh(P<0.05). wh=) vt
0% AE 21559 HAFAE 2685 9ke] W= B]ael] A
T % 23970 F 22709 dddvIHe] npAEC] fref A<l vl
2ol 7k A Ao % vEbR o, 1k e] o Rl Wl A}
15 23l kA= fro A 2271 9] T 1 7) ¥ o] n7 (Table
5) T A A 13 GSN Fd Aol &A1k rs45435111 o+
dd7)o], A 7H W KIAA0082 # A AFfoll &4k
rs45431209 @ <d7]wo], A 129 Ul MYH3 %}
Wel rs45431421 w7 ol et FLJ20920 2k o
rs45432261 Tdd7|we], 1ejar ¢4 13Wel RASA2
Frd 2kl €] rs45431691 T &7 w o] 9F CXADR -3 A
9] rs45433249 T 9171 o] F 67] 2] T ¢ 7w o] wpA 7}
=] Qe (P<0.01). AldAle] Fe RiE vae A 5
SHAl o] A Q1 Wl=Ato] & 12l KIAA0082 7 &4 AFgtell
A1 <lE] = &(interferon) & % 7H(Up-regulation)A| 7]+ f-4

for

o

Table 4. Allele frequencies of 22 SNPs associated with Mortality

Az AFso] glov npolelx AAe] AFol AnE &
Az 75]0] IeH[12-14]. mebA 54 2] KIAADD82
AR A F7h4Q1 A7} 59 H ol Aok gk Atz aTh

Ol

A== BA=E TN SEIY HIE Zu

HAFA =T AdE JebollA] F2420 vzl s
Bl o] dedglv|wieo)lE FUHAQl AFdATE 4
3 foHel madrt di 47H(DSP  rs45430738G>A,
RASA?2 rs45431691A>C, MYH3 rs45431421C>A<} GSN
rs45435111G>A) 2] U A7IRio) 5 o] Adtate] Ank 4t
Azt Bl oA Hoj it AEE T 9 FHE 17959 AA=E
2007 el A&stiom, F4438 42> PCR-RFLP
method& o]-&3le] AA5t9 o 7 Avi= Table 6 1
ERui At

FdE Y5 E 17979 4= 20075 o] 8314 4709
TGd 7o) vAE 7585 =dl DSP rs45430738G>A,
RASA?2 rs45431691A>C2} GSN rs45435111G>A A 74
o] ddr|Wo] nAE= 95E JU e A &
olx el MEAtolE vERAIHP<0.001). 3k+wF MYH3
rs45431421C>A G 7 w0l o4 HlExfolE 1
o]#] 2¢kth(P>0.05). 2] a1 DSP rs45430738G>A

2oy
o

N

Minor Allele Freq.

Reference ID  Allele

Chi-Square test 1 Chi-Square test 2 Chi-Square test 3

Total Dead Live (Total-Dead) (Total-Live) (Live-Dead)
rs45431209 A 0.417 0.357 0.478 0.030 0.041 0.000
rs45431691 A 0.257 0.220 0.305 0.103 0.058 0.002
rs45431421 Cc 0.241 0.207 0.277 0.096 0.117 0.005
rs45435111 A 0.267 0.232 0.306 0.124 0.094 0.006
rs45432261 C 0.372 0.408 0.322 0.189 0.082 0.009
rs45433249 A 0.307 0.276 0.349 0.194 0.082 0.009
rs10720198 A 0.240 0.275 0.203 0.145 0.134 0.011
rs45432566 T 0.239 0.290 0.182 0.158 0.131 0.012
rs45432608 Cc 0.313 0.284 0.357 0.262 0.106 0.017
rs45434874 Cc 0.490 0.483 0.500 0.349 0.070 0.021
rs45435155 T 0.307 0.281 0.348 0.300 0.123 0.025
rs45432669 A 0.429 0.394 0.469 0.219 0.176 0.026
rs45431071 Cc 0.465 0.492 0.423 0.307 0.128 0.028
rs10720745 A 0.021 0.035 0.005 0.269 0.129 0.029
rs45433249 Cc 0.087 0.070 0.109 0.248 0.185 0.032
rs45431058 G 0.252 0.225 0.280 0.209 0.217 0.032
rs45435080 G 0.226 0.199 0.257 0.232 0.213 0.034
rs45431421 Cc 0.242 0.216 0.269 0.202 0.234 0.034
rs45430738 G 0.446 0.419 0.485 0.295 0.167 0.035
rs10720341 C 0.112 0.091 0.137 0.244 0.206 0.036
rs45431031 C 0.155 0.134 0.183 0.266 0.196 0.037
rs45432756 G 0.171 0.151 0.198 0.297 0.189 0.041
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@7Idol miAE AAFA = ot 4 E el s MA
(minor allele)”t G EH A _Z}i =
= A= MAZFA 33
FrEE o] o] e vt FA
7HA @ a7FwkdE  glomw, g% 714 <
3l 7o 2 Alg )

DSP (dentin S|alophosphoprotein)° A= Abgell A =
Fobd ol @A Tl Al Hste 41}:1 lofo] 57
NE dovje= Ao duA 3l OU% H Ao A= A o=
yel 71384l E fdsto] Asad 2 A5Gl E doA
) 2] o] Aol 2 Al Z—}%a ghrbar AAFSFSTH[15,
16]. 5=3 RASA2 (RAS p21 protein activator 2)-% #}+=
Abgtoll A RAIE ] 7]13 0% 19k 3HA] vt o] €i]lo] &
T AR farwe] s e 2 4Fs vAE AL
2 o)A ovH[17, 18]. 2] a2 GSN (gelsolin)f- 2 21-+= Al
Fo] olF % M AFS F= FAAR Al A=

= U o TR T
ok(cancer) Al 3£of] #3F oA = k3] o] o x| a1 9}, HEdH

o}l 2 o]l =Z(amyloidosis)ol] ol ato] o o, A7 A E
ol 2 A RARE AT vAE FAAR Buso] g
T}[19, 20].

o] g% Aol A MtE FHxES Hw 9 Aol o &k
< A E RS giFFEol AlghalA Be HH A

Table 5. Annotation results of 22 SNPs associated with Mortality

N

1

)

b5 Qlek meka shH o) A o2 g - x ol
2% QT o ol Ao} grha A ATh,

e
S
H
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