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Identification of QTL for Length and Diameter of Porcine Limb Bones
in a White Durocx Erhualian F, Resource Population
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Abstract: [Objective] The aim of this study was to detect quantitative trait loci (QTL) for the lengths and the diameters of
porcine limb bones, the lengths and the diameters of femoral and humerus medulla antra and the thicknesses of the femoral and the
humerus walls. [Method] Lengths of 29 limb bones, diameters of 6 limb bones, diameters and lengths of femoral and humerus
medulla antra and the thicknesses of femoral and humerus walls were measured in a white Duroc x Erhualian intercross. A
whole-genome scan was performed by an interval mapping based least-squares linear regression with 183 informative microsatellite
markers. [Result] Fourteen 1% genome-wide significant QTL, Fourteen 5% genome-wide significant QTL and 47 suggestive QTL
were detected for the 39 traits. Except for SSC11, QTL were identified for limb bones on all pig chromosomes. [ Conclusion]
Totally, 75 QTL for 39 traits of limb bones were mapped in this study. Many QTLs affecting limb bones growth were found at the
57-59 cM chromosome region of SSC7.
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Table 1 Descriptive statistics of length and diameter of porcine limb bones

ERIN AR FEIMH NP e/ ME SEINIE]
Trait Number Mean (cm) Std Dev Minimum (cm) Maximum (cm)
B Length of limb bones
e Fibula 92 14.27 0.95 11.20 17.10
ERH Calcaneus 90 7.26 1.03 1.58 9.65
By Talus 90 2.24 0.30 1.24 2.93
theBfE Tarsi centrale 88 1.29 0.28 0.92 3.12
=i Metatarsale [T 90 7.82 0.50 6.34 8.96
— Z' Compedale III 90 3.35 0.32 2.63 4.24
—jd# Coronale III 90 2.19 0.22 1.52 3.02
—Fi® Ungulare I1I 87 2.37 0.22 1.20 291
PUBf Tarsale IV 88 1.91 0.36 1.20 3.80
VY5 Metatarsale IV 90 8.06 0.58 6.30 9.20
V& Compedale IV 90 3.32 0.29 2.50 4.05
PY5eEH Coronale IV 90 214 0.25 1.50 3.16
PUEi# Ungulare IV 90 2.38 0.20 1.37 271
Fé# Radius 94 13.07 0.97 10.30 15.40
)i Carpi intermedium 94 1.33 0.26 0.75 2.16
Felfits Carpi radiale 95 1.23 0.24 0.69 1.94
JUgiE Carpi ulnare 96 1.17 0.18 0.86 1.80
Al =I5 Forelimb Carpale III 94 1.30 0.22 0.77 1.90
A =48 Forelimb Metacarpale 111 96 6.99 0.71 1.90 7.94
Al =% Forelimb compedale III 95 3.12 0.33 2.27 3.86
Aifi =je & Forelimb coronale I1I 95 2.00 0.23 1.55 2.76
W = #i# Forelimb ungulare I1I 95 2.32 0.27 1.14 3.62
A PUJGEE Forelimb Carpale IV 95 1.34 0.23 0.84 2.32
AP % Forelimb Metacarpale IV 96 6.93 0.46 5.85 8.04
AV &= F Forelimb compedale IV 96 3.16 0.29 2.26 3.83
i PU5e - Forelimb coronale IV 96 2.02 0.22 1.46 2.65
i Y Forelimb ungulare IV 95 2.38 0.23 1.43 2.98
Wk 4% Diameter of limb bones
1 Femoral 99 2.23 0.22 1.74 3.25
f#1g Tibia 91 1.79 0.27 1.14 2.72
JHEH Fibula 92 0.70 0.21 0.30 1.67
il Humerus 94 2.08 0.38 1.34 3.25
FéE Radius 94 1.51 0.36 0.98 2.70
JUH Ulna 94 1.85 0.71 0.75 3.61
& Others
JiH i BEJE RS Thickness of humerus wall 86 0.70 0.13 0.44 1.30
MEEE 6K Length of humerus medulla 86 4.23 0.57 2.60 5.40
Ji BB BEJELRE Thickness of femoral wall 91 0.57 0.11 0.38 1.09
I E-E 2 Length of femoral medulla 91 5.66 0.66 3.33 7.02
Blo-H B H 4% Diameter of humerus medulla 63 1.15 0.24 0.60 1.77
JBH-H B EL4% Diameter of femoral medulla 59 1.33 0.22 0.81 1.89
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Table 2 QTL mapping of porcine limb bones

/SERIN fir LERON F il IR SRR BEXE fERRR
Chromosome Location (cM) Traits Fvalue ADD#SE? ADD #+S.E’ CI°(cM)  Variation(%)
1 62 =B K% Length of metatarsale I11 6.58 0.114+0.064 -0.317x0.097  25.5-159.0 7.43
1 66 T PY e Length of forelimb carpale IV 6.63 0.119+0.037  -0.115+0.052 28.0-150.0 9.92
1 159 JUH E4% Diameter of ulna 655  -0.295:0.100 -0.265£0.141  27.0-159.0  10.76
2 48 Jik B E A E Length of humerus medulla 10.25° 0.240+0.065  0.271%0.104 10.0-125.0 15.39
2 120 JHERK B Length of fibula 581  -0.013#0.111 -0.500£0.151  34.5-125.0 7.92
2 39 [ 4% Diameter of fibula 11.59"  0.063£0.021 -0.135+0.036 1.0-91.5 11.17
2 10 Ji% B BE JEL I Thickness of femoral wall 5.56 -0.006+0.014  0.068+0.021 0.0-136.0 9.28
3 0 VU E K E Length of metatarsale IV 592  -0.210+0.068 -0.091+0.094 0.0-132.0 7.28
3 0 PUZ 5K Length of compedale IV 582  -0.115%0.036  -0.034+0.050 0.0-137.0 6.91
5 29 D5 K Length of coronale IV 7.95 0.056£0.046 -0.311:0.086  23.0-1140  11.18
4 77 #iHK B Length of talus 5.68 0.133x0.045  -0.122+0.070 0.0-120.5 9.66
4 67 =B K% Length of metatarsale 111 7.31 0.182+0.054  0.145:0.074  14.5-139.0 8.38
4 70 =K Length of coronale 111 9.06 0.078£0.028  0.126+0.039 3.5-84.0 10.36
4 68 DU K Length of metatarsale IV 9.96"  0.263:0.070  0.241:0.093  11.5-139.0  13.28
4 135 T = i# Length of forelimb ungulare I11 8.15 -0.089+0.041  -0.157+0.061 32.5-139.0 12.02
5 75 JH# 4% Diameter of fibula 13.27%  -0.081+0.025 -0.172+0.039  58.0-83.5 13.11
5 30 K& Length of radius 7.60 0.449+0.175 -0.883+0.318  17.5-106.0 10.16
6 155 JB# H 4% Diameter of femoral 6.37 0.049£0.026  -0.114+0.042  21.0-169.0 6.11
6 84 USRS Length of tarsale IV 871  -0.197#0.053 -0.121#0.071  755-189.0  14.25
6 186 T =i Length of forelimb ungulare III 5.77 0.111+0.034  -0.073+0.056 26.0-189.0 8.06
7 56 JB# H 4% Diameter of femoral 19.70°  -0.148+0.024 -0.019£0.032  44.5-59.0 21.83
7 40 JEB H 4% Diameter of tibia 592  -0.145:0.048  0.110£0.073  24.0-1450  10.00
7 112 [k H 4% Diameter of fibula 10.80%  -0.049+0.025 -0.174+0.041  60.0-118.5  10.44
7 63 PPt Length of tarsi centrale 9.45  -0.175+0.040 -0.007+0.056  33.0-89.0 16.32
7 58 =B K Length of metatarsale 111 14.69°  -0.249+0.052  0.178x0.073  44.0-122.5  18.20
7 58 =ZH K Length of compedale 111 1255° -0.185£0.040  0.107£0.056  37.0-117.5  17.40
7 58 =K Length of coronale 111 20.39°  -0.162+0.026  0.049+0.038  52.0-67.0 25.10
7 74 =Hit K% Length of ungulare 111 6.81  -0.076£0.031  0.110+0.044 0.0-92.0 11.43
7 79 PUBHE K Length of tarsale IV 659  -0.180£0.049  0.004+0.071  18.0-131.0  10.36
7 58 VUK Length of metatarsale IV 11.55°  -0.295£0.067  0.17620.096  41.0-1240  15.64
7 58 DU KJ¥ Length of compedale IV 21.64° -0.227+0.036  0.095+0.050  44.0-67.0 29.39
7 68 UK Length of coronale IV 13.63°  -0.138+0.034  0.130£0.047  57.0-76.0 20.56
7 56 PUBH4 K% Length of ungulare IV 10.30%  -0.098+0.026  0.094+0.037  35.0-86.0 16.41
7 58 K Length of radius 16.81°  -0.620£0.120  0.465:0.168  42.0-80.0 24.34
7 57 AU =M Length of forelimb carpale 111 6.45  -0.108+0.030  0.025+0.043 0.0-97.0 10.77
7 67 Wil = Z&¥K Length of forelimb compedale [T~ 10.01°  -0.191+0.045  0.043+0.060  29.0-83.0 16.42
7 59 AU =754 Length of forelimb coronale I11 20.90°  -0.154+0.027  0.080+0.036  41.0-62.0 23.28
7 53 A PYBiE Length of forelimb carpale IV 9.06° -0.126+0.031  -0.069+0.041 0.0-137.0 14.05
7 58 A% U %K Length of forelimb metacarpale IV 8.84  -0.204+0.050  0.042+0.072 18.0-109.5 10.39
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SEREN fr ERN F {H IR SN BEXE ARk
Chromosome Location (cM) Traits Fvalue ADD#S.E? ADDZS.E.° CI°(cM)  Variation (%)
7 59 A A% PY Z&HK Length of forelimb compedale IV 20.55°  -0.222+0.036  0.055+0.047  42.0-61.5 27.47
7 59 A AL PUEH1K Length of forelimb coronale TV 10.33%  -0.127+#0.030  0.046+0.041 0.0-79.0 16.67
7 75 AT A% PU B Length of forelimb ungulare IV 948  -0.136+0.031  0.005x0.045  29.0-144.5 15.52
7 18 Wi B K% Length of humerus medulla 7.86  -0.214+0.075 -0.258+0.105  12.0-112.0 11.39
7 53 et s E4% Diameter of femoral medulla 29.93°  -0.212+0.028  -0.038+0.040 52.5-73.0 45.82
8 100 Beit K% Length of radius 720 -0.001#0.035 -0.183%0.048 0.0-1330  11.93
8 101 R &% Length of carpi ulnare 6.34 0.076£0.027 -0.075:0.038  30.0-1445  10.18
9 100 PUsEAF K Length of coronale IV 5.67 0.095£0.033  -0.081+0.049 7.5-133.0 7.57
9 48 Ui KB Length of ungulare IV 6.22 0.029+0.030  0.169+0.049  41.5-144.0 9.11
9 119 B K% Length of radius 6.46 0.460+0.133  0.155:0.194  22.5-132.0 8.41
9 86 A =i Length of forelimb coronale 11 11.28¢ 0.126+0.027  -0.004+0.040 63.0-113.0 12.02
9 104 =AM KSE Length of compedale T1T 6.58 0.143+0.043  -0.103+0.066 45-130.5 8.35
9 52 et s E4% Diameter of femoral medulla 1557°  -0.087+0.036  0.260+0.051 39.5-67.0 23.01
9 112 et i s E4% Diameter of femoral medulla 8.17 0.115+0.041  -0.156%0.056 49.5-143.0 11.41
10 73 =R Length of coronale 1T 12.25°  0.002+0.025 -0.187+0.038  57.0-112.0 1454
10 34 B H 4% Diameter of radius 5.66  -0.131#0.058  -0.209+0.087 1.0-112.0 9.18
12 76 JB# H 4% Diameter of femoral 7.79 0.077£0.028 -0.-0.107+0.044  7.0-86.0 7.86
12 11 VI Z& B K Length of forelimb compedale IV 559  -0.040£0.037  -0.1410.047 9.0-62.0 6.51
13 144 i B 42 Diameter of femoral 10.77 0.118+0.025  -0.029+0.035 11.0-145.0 11.35
13 57 AT DY 3K Length of forelimb metacarpale IV 7.28 0.206+0.055  -0.004+0.082 25.5-123.0 8.30
14 64 JHE# E 4% Diameter of fibula 20.32°  -0.116+0.022  -0.100£0.034  51.0-69.0 20.63
14 0 Wil H 4% Diameter of humerus 6.08 0.151+0.054  0.138+0.074 0.0-102.0 8.54
14 64 A =i Length of forelimb ungulare III 7.52 -0.075+0.036  -0.172+0.055 0.0-102.0 11.03
15 0 B P %K Length of forelimb metacarpale IV 7.1 0.181+0.050  0.082+0.103 0.0-84.0 8.07
16 95 HEEKJE Length of fibula 11459  0.444+0.111  -0.454+0.153 52.0-95.0 17.23
17 69 JHEEK ¥ Length of fibula 8.80 0.460£0.118  0.196+0.185  29.0-82.0 12.87
17 78 JHE# E 4% Diameter of fibula 10.87%  0.081x0.022 -0.085:0.030  30.5-83.0 10.44
17 34 =K E Length of metatarsale TIT 6.96 0.232+0.065  -0.219+0.099 3.0-88.0 7.90
17 31 =ZH K Length of compedale ITI 6.60 0.156£0.045  -0.131+0.068 5.5-75.0 8.45
17 30 A% P4 K Length of forelimb metacarpale IV 932  0.223+0.056 -0.173+0.079  22.0-88.0 11.03
17 32 rPA] B K% Length of carpi intermedium 6.58 0.135£0.042  0.069+0.065  23.0-58.0 10.96
17 31 AT = e Length of forelimb coronale I 8.04 0.111+0.028  -0.003+0.043 26.5-87.0 8.21
18 5 ZEi K Length of ungulare T11 5.99 0.104£0.030  -0.011+0.047 0.0-69.0 9.77
18 44 Wi H 4% Diameter of humerus 10489  0.2330.061  0.288+0.091 2.5-58.0 15.86
X 22 [k H 4% Diameter of fibula 879  -0.289+0.097 -0.439:0.116 8.5-83.0 8.25
X 55 BEH G E Length of humerus medulla 6.94  -26.374+12.908 -26.74+12.929 0.0-79.0 9.87

IR bR s O MRS R C B XA O IR R 5% WK, © M IEHAL 1% 53 KT
 Additivezstandard error; ® Dominantsstandard error; ° Confidence interval; 4F value indicated 5% genome-wide level significant level; ®F value indicated 1%
genome-wide level significant level
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QTL #B5¥my 2 Fhuk 2 ALl b8 K %P, Kenney 27
NP BEAR T R G0 HT T MR QTL 1 2 35k,
R QTL 540 7~8 MF#bIR, 2 h 1
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AN QTL A7 AT 5 30 AR, fir Jr S5 24 5 i Ji A
HEMBR B QTL R HL 14 QTL ¥mi 2 AMLU L
PEREY, ARG B SSCT 4F, SSC3 0 cM. SSC4 67
—68 cM. SSC14 64 cM Fll SSC17 30—32 cM 4t QTL
gy 2 KL B E K S E AR

¥ T SR 57—59 cM XA AT 6 5 YL fh ik
p21 [X (HSA6 p21) [AlJ . AZs HSAG p21 Al HSA2 21
MEAEM, ARG s B w3 P, %X ki)
RUNX2/CBFAl (JE/IMHGH ST 2) , COL11A2

(IR X1, alpha2) fil RXRB (K4id 5 AX %
A, beta) %5 JE DA B2 ma A DU B 86 O B 1 T L IE
SR B U= e SIS E TSI N A N NS
() QTL DRIk AN ARG 52 A7 1) 5 M DU J A 11
QTL [[ P,

AT I BRI QTL e T SSC6.
SSC7. SSC12 1 SSC13, ifj Andersson 257 % X A
G Fp SRR S g s EARH) QTL @A T
SSC2. SSC4. SSC16 #1 SSC17M, QTL sEfrgh A
USRI e 2 AMRI TR LG S AN IRl B A 15
SO Ak, BRI XMERE IR, AR
RIS AT N, e BEREm T QTL AR,
PR O B /N QTL AR AT i A R I H K

4 i

AR M 22 T AT i v x T R A4
132 3k Fp M A% 29 2RV B A8 R L 6 S DU % B
o BB RE B A AR BRI K R R R
KA AN, FIFH 183 M T2, JLefn 75
ARG DY E B A DGR QTL, ir 1%L R4
WEAKE QTL 14 4, 5%JFE A 4] /K QTL 14 14,
5%Ye {44 i % KT QTL 47 4.

B BAHATF A M F s n R AR B AR,
RN He R P s R
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