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Abstract: The aim of the present study was to narrow down the range of previous genome wide
association study (GWAS) , and to provide valid candidate genes for the large-scale group valida-
tion. Seven immune traits including four blood parameters (hematocrit (HCT), hemoglobin
(HGB) , mean corpuscular hemoglobin (MCH), mean cell volume (MCV)) and three T lympho-
cyte subpopulation parameters(CD4 + CD8-CD3 +, CD4-CD8 + CD3 + and CD4 + CD8-CD3 +/
CD4-CD8+CD3+ ) were measured in a porcine intercross population (Large White X Min zhu).
Six haplotype blocks were built using the significant SNPs tested in the previous GWAS, Associ-
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ation studies between the haplotype blocks and the immune traits were performed. The result

showed that the three blocks on SSC7 were significantly associated with the three T lymphocyte

subpopulation parameters, the block7-3 on SSC7 was significantly associated with HGB and
HCT, and the three blocks on SSC8 were significantly associated with MCH and MCV. The six
blocks contained five genes ABCF1, PPP1R10, GRM4, ALB and AFP. Combination of these

results, the five genes could be used as potential candidate genes for the study on immune traits.

Key words: immune traits; haplotype; association study; pig
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Fig. 1 Linkage disequilibrium analysis of SNPs on SSC7
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Table 1 Linkage disequilibrium analysis of SNPs on SSC7
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VA B AR 7T SR Ok LA E 3 A RERIXEL R
/NGRS 18,9 FT 422 kb, SNPs %t H 451 H 2.2 Fl
RV TECE UV

B E A Haplotype K/N/kb Size  SNP 4 Fk Name

SNP fii &' Location

i3 A2 Gene IH B /bp® Distance

ALGA0039404
BLOCK7-1 18
ALGA0039405

DIAS0003356
BLOCKT7-2 9

DIAS0001001

H3GA0020765

MARC0058766
BLOCKT7-3 422

ASGA0032524

MARC0033464

22869345 LOC100154935 24 059
22888270 LOC100155322 9492
26812706 ABCF1 within
26822610 PPP1R10 within
34755602 ENSSSCP00000001643 47 403
34803564 GRM4 35 680
34925816 GRM4 within
35177641 ENSSSCP00000001654 47 720

' BEAR 4R SNP {7 f37E Sus Scrofa Build 9 $di b e A4k BRI E ;°.

Gene D) ENSSSCG 1E K IF 3k 19 3£ N /& Ensembl %3

VP B E (R Al R PR 5 GenBank w9 56 R i 44 A [ 3° . AR AE Sus Scrofa Build 9 %04 A2 b SNP 37 g 16 56 R N B 7 B 56

PRI, £ 5 [

1

start with ENSSSCG as in Ensemble while other gene symbol as in GenBank; *.
The same as Table5

a gene coding region in Sus Scrofa Build 9 assembly.

M haplo. stats B4 % 753 2 9 3 A~ H A% A
DX B S AT SRR AR K i R . AR T S
oK A5 7 X B 1 (block7-1) kA 2 Fhep i, 5
HE PR CD4 4 CD8-CD3 4, CD4-CD8 4 CD3 + #il
CD4+ CD8-CD3 +/CD4-CD8 + CD3 + ¢ §t i 2%,
Horp g5 3 GC X e vk CD4 + CD8-CD3 + Al
CD4+ CD8-CD3 +/CD4-CD8 4+ CD3 + H 7 #% it 3
IERON (P<0. 01) , X f & # otk CD4-CD8 + CD3 +

. SNP position derived from Sus Scrofa Build 9 assembly; *.

Gene location on the Sus Scrofa Build 9 assembly, gene name

SNP designated as in a gene or distance from

HA M W3 5% (P<<0. 01), 5 HCT, HGB,
MCH F1 MCV # iz PR SCHEA .2 (P>>0. 05) 5 5
FERL AA KG9 PEAR CD4 4 CD8-CD3 + fil CD4 +
CD8-CD3+/CD4-CD8+ CD3 + H 45 # & 2 1 5 1y
(P<<0.01) , %} £ PE R CDA-CD8 + CD3 + H A 1%
2 E RN (P<<0.01), 5 HCT,HGB,MCH #I
MCV PEIR B B3 (P>>0.05) 0 g R 2.,



846 oM OB OE ¥ 44 %
F2 BEBMXET-1XBEIW
Table 2 Results of haplotype association analysis of block7-1

(EXIN St A5 T A AR A TN I 4y P{H Bk P

Trait Haplotype  Haplotype frequency  Haplotype score P value Total P value
GC 0.572 26 —0.035 77 0.971 46

HCT P=0.971 46
AA 0.427 74 0.035 77 0.971 46
AA 0.427 74 —0.097 33 0.922 46

HGB P=0.922 46
GC 0.552 26 0.097 33 0.922 46
GC 0.572 43 —0.133 76 0.893 59

MCH P=0.893 59
AA 0.427 57 0.133 76 0.893 59
GC 0.572 43 —0.305 98 0.759 62

MCV P=0.759 62
AA 0.427 57 0. 305 98 0.759 62
AA 0.427 74 —3.649 12 0.000 26

CD4+CD8-CD3+ P=0.000 26
GC 0.572 26 3.649 12 0. 000 26
GC 0.572 26 —5.170 26 <107 _

CD4-CD8+CD3+ ) P<<10™
AA 0.427 74 5.170 26 <10°°

CD4+CD8-CD3+/ AA 0.427 74 —95.250 85 <107° P<10-7

<10°°
CD4-CD8+CD3+ GC 0.572 26 5.250 85 <10°°

1E 7 5 Ye o R BAAE Y X BE 2(block7-2) fR AT 2
Feff% 780, 1 5 CDA+CDS-CD3+,CD4-CD8 + CD3+
il CD4+CD8-CD3+ /CDA-CD8+CD3+ ek g 2%,
Horp o fE R AA X PR CD4 + CD8-CD3+ Al
CD4+ CD8-CD3 +/CD4-CD8 + CD3 + H 45 #) & 2
IERLN (P<C0. 01) , X f g PRk CD4-CD8 + CD3 +
A7 W 3 % (P <<0. 01), 5 HCT, HGB,

x3 BREERRT2XEKSN
Table 3 Results of haplotype association analysis of block7-2

MCH 1 MCV Gl A i 2 (P>>0. 05) ; LAE T GG
X g PR CDA - CD8-CD3+ F1 CD4+ CD8-CD3+/
CDA-CD8+CD3+ HA # 58 3 171 84 0 (P<C0. 01) 4 Xf
By kAR CD4-CD8 +- CD3 + H A i) . 3 1E % hi
(P<<0.01),5 HCT,.HGB,MCH 1 MCV 1t AR~
HEH(P>0.05) g Rk 3.

PR gAY LR TES A RNV 43 P{H Sk P E
Trait Haplotype = Haplotype frequency Haplotype score P value Total P value
AA 0. 389 28 —1.110 92 0. 266 60
HCT P=0. 266 60
GG 0.610 72 1.110 92 0. 266 60
) AA 0. 389 28 —1.138 59 0. 254 87
HGB P=0.254 87
GG 0.610 72 1.138 59 0.254 87
AA 0.389 02 —0.926 91 0.353 97
MCH P=0.353 97
GG 0.610 98 0.926 91 0.353 97
AA 0. 389 02 —0.861 94 0.388 72
MCV P=0.388 72
GG 0.610 98 0.861 94 0.388 72
GG 0.610 72 —3.742 50 0.000 18
CD4+CD8-CD3+ P=0.000 18
AA 0. 389 28 3.742 50 0.000 18
AA 0. 389 28 —5.190 30 <10
CD4-CD8+CD3+ ) P<L107°
GG 0.610 72 5.190 30 <107
CD4+CD8-CD3+/ GG 0.610 72 —5.093 06 <107 <105
0"
CD4-CD8+CD3+ AA 0.389 28 5.093 06 <10 -
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TE 7 5 Y o A B Y X BE 3(block7-3) i At A 4
Tl B A 0, Hodh B 4% AAGA 5 HCT,HGB %3¢
e g 2 (P<<0. 01, HLxb 2 MR A 3w . 5 H
MR TG 3 S B B A5 CGGG 5 HCT ., HGB,
CD4-CD8 + CD3 + il CD4 + CD8-CD3 +/CD4-
CD8+CD3+CHk .2, Hovpxf HCT,HGB HA
W IE R N (P<C0. 01), % CD4 + CD8-CD3 +/
CD4-CD8+CD3+ HEA B & IE RN (P<C0. 05) . Xf

F4 BREBXET-3XBESH
Table 4 Results of haplotype association analysis of block7-3

CDA4-CD8+CD3+ H A7 # & 2 1 &4 (P<C0. 01);
HAER CGAG XF HCT fl HGB A & 3 IERUW (P<<
0.05) s %} CD4-CD8+ CD3+ £ # &8 2 1F 2 i (P <<
0.01), X} CD4+CD8-CD3+ A # i 2 17 3k i (P<<
0.01), % CD4+ CD8-CD3+/CD4-CD8 4 CD3 + 47
B E AN (P<0. 05), HAGAI AAGG 5 7 MR
£ VAR TC W 3 OCHR A A g R Lk 4.

LEZN A AR BAAERIALN P OY P fi BE P E
AAGA 0.308 86 —6. 464 89 <10°°
AAGG 0.013 99 0.299 29 0.764 72 ,
HCT P<10
CGGG 0.407 93 2.915 20 0.003 55
CGAG 0.269 23 3.994 69 0.040 43
AAGA 0.308 86 —6.502 03 <107’
AAGG 0.013 99 0.691 61 0.489 18
HGB o P<10
CGGG 0.407 93 2.675 94 0.007 45
CGAG 0.269 23 4.183 83 0.020 21
AAGA 0.307 24 —4.096 97 0. 053 42
AAGG 0.014 02 0.221 60 0.824 62
MCH P=0.085 20
CGGG 0. 108 88 1.752 38 0.079 71
CGAG 0.269 86 0.269 86 0.091 24
AAGA 0.307 24 —3.430 12 0.061 25
AAGG 0.014 02 —0.078 43 0.937 48
MCV P=0.052 80
CGGG 0.269 86 1. 840 67 0.065 67
CGAG 0.048 88 1.855 93 0. 063 46
CGAG 0.269 23 —2.841 72 0. 004 49
AAGG 0.013 99 —0.643 09 0.520 16
CD4+CD8-CD3 +- Pf=0.033 10
CGGG 0.407 93 1. 283 91 0.199 17
AAGA 0.308 86 1. 480 45 0.138 75
CGGG 0.407 93 —2.995 81 0.002 74
AAGA 0.308 86 —1.870 27 0.061 45 :
CD4-CD8+CD3 +- P<10"°
AAGG 0.013 99 0.742 07 0. 458 04
CGAG 0.269 23 5.076 93 <107
CGAG 0.269 23 —4.026 49 0. 040 43
CD4+CDS-CD3+/  AAGG 0.013 99 —0. 404 68 0. 685 71 bt 128 21
CD4-CD8+CD3+ AAGA 0.308 86 1. 468 27 0.142 03 '
CGGG 0.407 93 2.344 34 0.019 06

2.2 SSHEBEEAFRSMN

] haploview 84 -f8 F A [H] (4 % & 2 8O0
8 S YK iy 55 A5 MCH Fl MCV {2 SC 15 1)
SNPs #4738 WA -1 53 7. s 45 R DL 2 8] 3
KB 4,

M 2-[& 4 Fe AT AT LB BITE 8 5 YL (R TE
3SR I B IX B R /43 5l oy 423,13 F1497 kb,
SNPs (A3 R 4.2 1 5, HAk SNPs K HAv
BAEGRIENLES,
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Fig. 2 Linkage disequilibrium analysis of SNPs on SSC8 (1-20)
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Fig. 3 Linkage disequilibrium analysis of SNPs on SSC8 (21-40)
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Fig. 4 Linkage disequilibrium analysis of SNPs on SSC8 (41-55)
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b3 A FRRE R DX B g3 ol AT LA B A Nt A
5. 7E 8 S YL R HLAE AL X B 1(block8-1) H1, HLf%
A AAAG 5 MCH MCV B i % (P<<0.01),
HXF 2 AR A 0800 s A5 GGCA 5 MCH,
MCV TR 2 (P<<0. 01) , % 2 ANHtk B 1E L
Mo 2 B A TR [ A R R O B AS B 3 43 BT 45 2R

W6,

TE 8 5 YL o R B X BE 2 (block8-2) H1, HLf%
B AA 5 MCH MCV B i 2 (P<<0. 01) , HX}
2 YRR A0 s g A GG 5§ MCH MCV 3¢
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Table 5 Linkage disequilibrium analysis of SNPs on SSC8

AR KN/ kb SNP % Fx SNP fiL ' Sl i B /bp’
Haplotype Size Name Location Gene Distance
ALGA0108841 50670176 LOC100517409 within
MARC0063673 51018121 ENSSSCP00000009476 148 401
BLOCKS8-1 423
MARC0038980 51070662 LOC100517409 388 568
ASGA0038810 51093615 ENSSSCP00000009476 223 895
ASGA0038912 73265823 LOC100520317 77 758
BLOCKS-2 13
MARC0029095 73279054 LOC100520317 64 527
ALGA0048087 73286056 LOC100520317 57 525
DIAS0000495 73355105 L.OC100520317 within
BLOCKS8-3 497 MARC0109837 73611944 ALB 903
ASGA0100173 73675216 ALB 45 136
DIAS0002183 73783363 AFP Within
F6 BEIXES1XBEDHN
Table 6 Results of haplotype association analysis of block8-1
LER TN AR B A5 T A A TURON V43 P{H SR P
Trait Haplotype Haplotype frequency Haplotype score P value Total P value
GGCA 0.520 98 0.011 28 0.991 00
HCT P=0.985 84
AAAG 0.468 53 0.022 63 0.981 94
GGCA 0.520 98 —0.252 81 0. 800 42
HGB P=0.941 13
AAAG 0.468 53 0.199 81 0.841 63
AAAG 0.469 63 —6. 845 87 <10°°
MCH ) i P<10™
GGCA 0.519 86 6.729 98 <107
) AAAG 0.469 63 —7.604 20 <107 i
MCV B ) P<10"°
GGCA 0.519 86 7.619 64 <10°
AAAG 0.468 53 —1.708 05 0.087 63
CD4-+CD8—CD3+ P=0.142 98
GGCA 0.520 98 1.476 50 0.139 81
AAAG 0.468 53 —1.797 43 0.072 27
CD4—CD8+CD3+ ) P=0.166 97
GGCA 0.520 98 1.879 26 0. 060 21
CD4-+CD8—CD3+/ AAAG 0.468 53 —0.791 42 0.428 70 P—0.373 10
CD4—CD8+CD3+ GGCA 0.520 98 0.543 65 0.586 68 o

16 8 S YL (R BAf5 Y [X BE 3 (block8-3) Hr, Bfir
B GAGAA 5 MCH, MCV XL B4k B 2% (P <
0.01), HX} 2 MPERYAE AR ; 5% AGACG

5 MCH MCV JeHtl i 3% (P<0. 01) . % 2 AR
HAIER . 2 Ff o455 A [a] HoAth PR IR S BER 3%,
SIRTEE R IR 8,
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Table 7 Results of haplotype association analysis of block8-2
LN Hpg Ry LA R AR A BNV 43 P1H MR PH
Trait Haplotype Haplotype frequency Haplotype score P value Total P value
AA 0.554 78 —1.273 62 0. 202 80
HCT P=0.202 80
GG 0. 445 22 1.273 62 0. 202 80
AA 0.554 78 —0.901 42 0. 367 37
HGB P=0.367 37
GG 0. 445 22 0.901 42 0. 367 37
. AA 0.556 07 —6.420 99 <10°°
MCH ) . P<{10°
GG 0.443 93 6.420 99 <107
AA 0.556 07 —7.516 85 <10°° B
MCV . P<10°
GG 0.443 93 7.516 85 <1077
) AA 0.554 78 —0.413 79 0.679 03
CD4-+CD8—CD3+ ] P=0.679 03
GG 0.445 22 0.413 79 0.679 03
AA 0.554 78 —1.563 70 0.117 89
CD4—CD8+CD3+ P=0.117 89
GG 0. 445 22 1.563 70 0.117 89
CD4-+CD8—CD3+/ GG 0. 445 22 —0.020 97 0.983 27 P—0. 083 27
CD4—CD8+CD3+ AA 0.554 78 0.020 97 0.983 27 '
*8 HERRXHRS3BAERLBENNT
Table 8 Results of haplotype association analysis of block8-3
LN HAE R LA R AR A RN P 43 P{H Sk PH
Trait Haplotype Haplotype frequency Haplotype score P value Total P value
GAGAA 0.554 78 —1.273 62 0.202 80
HCT P=0.202 80
AGACG 0.445 22 1.273 62 0. 202 80
GAGAA 0.554 78 —0.901 42 0.367 37
HGB P=0.367 37
AGACG 0.445 22 0.901 42 0.367 37
GAGAA 0.556 07 —6.420 99 <107
AGACG 0.443 93 6.420 99 <10
GAGAA 0.556 07 —7.516 85 <10°°
MCV P<10°
AGACG 0.443 93 7.516 85 <107
GAGAA 0.554 78 —0.413 79 0.679 03
CD4+4+CD8—CD3+ P=0.679 03
AGACG 0.445 22 0.413 79 0.679 03
GAGAA 0.554 78 —1.563 70 0.117 89
CD4—CD8+CD3+ P=0.117 89
AGACG 0.445 22 1.563 70 0.117 89
CD4-+CD8—CD3+/ AGACG 0.445 22 —0.020 97 0.983 27
< < . P=0.983 27
CD4—CD8+CD3+ GAGAA 0.554 78 0. 020 97 0.983 27
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I 40 B S B 3 S R (CD4 + CD8-CD3 + , CD4-
CD8 + CD3 + K& CD4 + CD8-CD3 +/CD4-CDS8 +
CD3+) % K 2 ABCF1 #1 PPP1R10, ABCF1
E— 1 ABC(ATP 45480 i/ A HH = %
Rk . ABCF1 JER ) 3 35 € 8 UE 52 8 9% il 38 e
WHEH F o CTNFo) 38 Jint | E w41 g A T 40 i
FEAE L I BAT 2 50 ) 68 1 G gl i E . PPPIRIO
S g0 i R (I BE R 1 UR Y 3L 10, DLAT AR A
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PE, GRM4 J7 51725 53 7 R - B LA B2 Ik 3= 1Y fie 92 Bk
FAZi B AR & A IR B AT T 20 M S 5 1) 40§ i
B LA B 2H 2E0RI I P W TR b AN i 3 22 S gE AT 1 T
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M GRMA Jy 51) A8 53 38 18] 12 169 40 W7 120 1 & A0
s MCH #t MCV By 51y ALB #t AFP, ALB
FEDA SCRRAME M B 8 E AR T B SO A
FEIB AN W o PRI ) B 1 PR BN Sy 2 S 4 L — e
FESPEAR & W, Z 5 W 5 R M R AL A % ) o0
RN H W E Y ALB-mRNA BHE 3 5 5 05 ™
HAR A G, H Rk B TE g B A T N % 5 B
o TR WIS N % 7% 8 S8R 76 T 40 i & A= 95
AR AR ALB 33k B 2 & AR e S, ALB-
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AFP FP CH IR 8 B R & — T 81 28 19 1R i 18 Je
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