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Abstract

Backfat thickness, an important quantitative economic trait, directly affects productivity in the swine industry. In this
study, we estimated genetic parameters for four backfat thickness traits using information from both genome-wide single
nucleotide polymorphism (SNP) chip and pedigree data. Four backfat thickness phenotypes were measured in 1,105 F2
progeny from an intercross between Landrace and Jeju native black pigs. All animals in the F2 intercross were subjected
to genotypic analysis using PorcineSNP60K BeadChip platform and 39,992 SNP markers on autosomes filtered by quality
control criteria were used to construct genomic relationship matrix for genetic parameter estimation. Restricted maximum
likelihood (REML) and genomic restricted maximum likelihood (GREML) estimates of genetic parameters were obtained
using both genomic- and pedigree- relationship matrix in linear mixed models. The heritability estimates showed a high
level of concordance between the REML (0.48-0.57) and GREML (0.48-0.60) estimates. However, the standard errors of
the heritability estimated using GREML (0.04-0.05) were smaller than those which were estimated using REML (0.10-0.11).
The backfat thickness traits showed high positive phenotypic correlations with each other, ranging from 0.62 to 0.83.
These traits showed higher positive genetic correlation coefficients (REML: 0.80-0.99, GREML: 0.93-0.99) compared to the
phenotypic correlation coefficients. The standard errors of the genetic correlation coefficient estimated using GREML
(0.003-0.02) were smaller than those which were estimated using REML (0.01-0.09). The results of this study showed that
the backfat thickness traits had high heritability and genetic correlation. The accuracy of genetic parameters estimated by
GREML was higher than those which were estimated using REML. However, additional studies may be necessary to verify
the results obtained from this study.

Keywords : backfat thickness, genetic parameters, genomic relationship matrix, pedigree, pig

Introduction
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FEAeIN SA F= 2 FA73AI1%F A (quantitative economic trait) 24 53 kol 27429l JFF2 mXich
A FAP 20l E45 S IF] Soldezi 40l SUE oo A 4= 17| whZo|tH(Cliplef and Mckay, 1993). w}

2hr], FEATAolA AR FAB AL §4 58 2 AR &t b doll A AE o ltkar & 4= Ik

*Corresponding author: Dr. Byoung-Chul Yang
Tel: +82-64-754-5710, E-mail: bcyang@korea.kr
Received: 1 June, 2018, Revised: 18 June, 2018, Accepted: 19 June, 2018

© Journal of Animal Breeding and Genomics 2018. This is an Open Access article distributed under the terms of the Creative Commons
e o Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use,

distribution, and reproduction in any medium, provided the original work is properly cited.



Hee-Bok Park, Jae-Bong Lee, Moon-In-Cheol, Nam-Young Kim, Jun-Kyu Son, Jae-Hoon Woo, Ji-Hyun Yoo, Sang-Min Shin, Nam-Geon Park In-Cheol Cho and Byoung-Chul Yang

ExollA] SA FAZ A 444 58 P Aoire B9 914 549 Yehdl= /418 (heritability, /) olut &
AHA|4(genetic correlation coefficient, rg)i} e G H 4 (genetic paramenter)2] A2kt 4o WA o]k, o] A7}
| BAlEE2] A4 7NFS 913 AR 40 32742 71 (pedigree) HE o] 850, 1 7HA| 79 ¢ 7+e] /374 (additive)
ol 42|17 IAIE Artslo] =35 AP H (numeric relationship matrix, NRM)o] Ak&-E] o] gt Henderson, 1984).
2 S0l Ale 7ol B4 wee Belels4 e (single nudleotide polymorphism, SNP) ti7le TE 2 X
chip 7|5ke] th8&F A28 A7 o] A-83} =it ofol w} h(population) 7Y 7+ 4474 BAIE SNPRHEA HEE
o]-g5}o] SNP chip 7|8t A8 & (genomic relationship matrix, GRM)S 753 4= Q1= Wi S0 7= 913, GRM
2 ot S R EA0] QlojA] NRME th] & 4= Ql= tiRke & o & ¢lcHVanRaden, 2008; Yang
= 2011; Goddard 5 2011).

TRA5Z71e} ofof| thE g 70| g2 =5acH| iE1 o) MBS 7hxel oF4Ql AnloflA] Bhp 22 A1 AH] 95
2 uH L QLo o|ok 3| Aty 9 AkAu|zHEoA] Al e S]] (Jeju native black pig, JBP)ol| thet 4l o] ZThE]
1 I} JBP= AlFEollA Zej2] F A2 EE 02, AU HEe|o| Aot ZH2 olefief x| FE ol H]sto] A o] S
A o] ehekoh 2|t} 2] 31 943t A7 (marbling degree) E- 1 o] 2|RHKim -5, 2009), 2|77+ 2HAL, /g 7o) 2w, 4kap4e

2

N

N

l
iﬁ
fd
).
o
oX
[o
do
Ol
It
ol
3
ol

7} A2 @3o] let. JBP= ZAlVg o] 9t iR FE2 Al )l o = 0] 9175 SikA| 1980t A2 JBP
Ed Y HEAQI 08 $Fo] HEok §A4Jo] xIggx]o] gkor, 2015 wol| X7 EE #5505 2 A1 Qict. shA|gt, 4373
2 gl HAF o] e FHER <8l &F JBP2 AHdeke oF4 &Rt =it 20064 JBPS 242 o] 87t 24 Q) 4
ASLE ffall, DR JEFE S T8I, AR $28FE S HESILA She AEo] AIRE I JBP F53 sHEzo] A
F5 2 F2 alSto] 2% o] S8 Aol dFe mIxl= 4] B2 29 (quantitative trait loci, QTLs) S -4 4
HE Aot A=l E 471 A/ATHCho 5, 2015; Yoo 5, 2012). 2 Aol = f-2fufe} A=zl 3521 JBP2: 2jei=H ]
T A=gfolA FF 7t wHiEZ(F2Hh)oll A DoiR A FAIRE Eol thgt f414+5 SNP chip B! 71| 7|k = 37
Stal o] 5 Hlal ZAI5I3{Th

Materials and methods

SAN B2

2 o1710] o] 85 F, Weke 52757 U] ]S4kl 740l A TBPe} Bhe o] Ao] A ksl (reciprocal
intercross)o]| ©JjlA] AJAkE T SAEIQICHKang 5, 2016). PAIT] Shx5-2 el=ajo] A7} 175, TBP7} 1957} F At Aol
ol &=|9itt. AZ A HIE Esto] AR F ) 9152 ThA] AEaafaslE Esto] oF 12005-2] F AT S| 2 AAkslg)
ok, AJAFE P R 2 5 1,1055(9) 537, 4= 568) 2 9012 A%k BHE 4of o] &5h3irt.
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HE F, Al iR &2 B Yy 19Y0] 543 E54olA E5ERlom B3 Mol Hj2|52 244K 35 Az oY, 22
Aol il SAY RS 25 HheA|Q] A F2loll A 21 S7dsiqinh ARA] SA AR sl oA 2w
Atololl A Z7d51 2 (bf_tho4_5, mm), FHA] SA| F7l= 11 R} 1284 Z]u AloloflA 279513 o H (bf_thol1_12,
mm), BFA|9} Z]e ok SR Q S (first lumbar vertebrae) Ato]ol|A] = 251 {THbS_tho_lum, mm). oof| tjste] Z4t
EEA7IolA 273 SAIFA(BE, mm) [(11RI#2} 12507 ZHa|u) Afo] 528} A +OFR| 2t Zu]u o 2Ry 9 Zeu
Ato] SxH E7)]/2 & 5o} B AlTLof| 0].8519iTh SNP nl7 2] 54215 A2 PorcineSNP60K BeadChip (Illumina
Inc., USA)S Alg&3o] ~3513ic}. 24 H SNP ukA 9] -3-21o]l tidte] minor allele frequency(MAF)~7} 0.05 o]}, 44
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[ &o] 5% 0|, tr}-lelw| 2 1% (Hardy Weinberg equilibrium) g F= & 0] Lhs -(P<0.000001)&
2 29l PLINK 212 (Purcell 5,

9 2%
ofst =i 187} AR ] SNP o] 39.9927He) B4 2T o] 81T, olet e
2007)& AFg 313
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Aol tig- 9IRS s MY EREYe het ant

y=Xb+Zu+e

o714,

y& SAY 7 BE ]Sl tiRh HEfo] i, b A, A, Hix] 22|11 =AEe] Ay e vt HEjo]n, X HEX|of 7t
17 FIHE AA7 = Rl (incidence matrix)o] ™, u= 7HA|9] A37H] o] R &t #lE] o] 1L, Zi= uel] Aol H RIE
131, e= Jojztfa} g o]t eofl thgh Hatah £4k2 e ~N(0, Io.?) = A7st3lon, uol theh it 242 u~N(,

FAUAFZNRM)o|

Ho
o=
Ac?) TE= u ~N(O, Go )3t o] AAsIgith. o714 e Tl (identity matrix)o]d, Ax A
&3llM GE F317] 218l

(Henderson, 1984), Gi= S-4ARARSZGRM)E ettt ob 242 39,9927e] SNP b2 of
SNP F o] tha faiate] vlm ot A S ol &5He ofelie} 2+ e Alo] o] GE|3{THYang 5, 2011)

39,992
G 1 Z (xij — 2p) (% — 2p;)
39,992 & 2p;(1 —py)
i=

o714,
x.2} x, = A ER5ke SNPup ol A me} ki) 71A| 9] 4Tl G742 71420, 1, 2)019, pe &4 tiE-f7dAke] Rle
o]t} GRM &ojl= Yang 5(2011)0] 7He+et GCTA(Genome-wide Complex Trait Analysis) & 2 7121-S- 0]-25}9ic}.
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= lolztab et e ol o]k 2 gtm o) 7]
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+ T2l (identity matrix)o]ch.
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maximum likelihood (GREML)®}#Ho]| 74kt GCTAZ 2 T13)(Yang 5 2011)2 o|-&3131th 28 18 o] &3lA A& BAHA
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I 2 72(VSN international, UK)-2 0|85} 1, GRM=- 0|-&3F 742 GREMLEHof| 7[HksE MTG2 =& 138 (Lee and van
der Werf, 2016)2- o]- &3}t

Y AT B AR ofle] AL o] 83lo] Asisick
0p12 0 412
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Op11X0p22 Oy11X0922

7} B 450 R A= gd2H NAe] 13k ZAK(first order Talyor series approximation)Z o]-85+ HeRR (delta
method)S- o]-85}o] 51Tt

Tp = and rg =
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Results and discussion

SR8 7 AP A 7| % EARELS Yoo 50 H11(2012)0] o|n] HJAJ=lo] 9l o, bf tho4_5, bf tholl_12, bf tho_
lum 9 BF9] -2 7}7} 34.0 mm, 28.0 mm, 26.2 mm, 12|11 22.9 mm ©]3{t}. Porcine SNP 60K BeadChip2 0|85
fAEo] BAE & 62,1637]9] SNP RS ZollA] quality control 21 7131 714] 39,9927 SNPe] Aked 4] 4ke] $]x]o]
23zo]] ok A H= Parks-2] H.11(2016)0]] H|AJ=]o] Ut

Figure 1 oflA= F, aHli=<o] w2152 SNP JH.5 0]-§31o] 7dd GRMZ heatmap 0 2 LFERH 1AL GRM| thzbid ¢

Z(diagonal element) 5! W]t 214x(off-diagonal element)&9] £ WERh= S|AE1)0] AAEo} 9lth. GRM
heatmapg A HH F, wHl=0] 15 43 ml(fullsib) 7HE Uedl= £858 88 & 4 o o] £552 7dshk=7IA
£7+o] genomic relationship2 o2k 0,259 & 4= Qlth (Figure 1a). thZ Al ¥4 B2 o] Hit-2 7|tz e} Zo] 10]lout &
ZHx}17}0.0852 AAbe|o] HH-2 FAl 0 & 51 Ho| 7} ZAY5HS & 4= Qlrt (Figure 1b). ]tz A Bz o] -2 (o) A}
si3lot oA Agget Ro 7 EAsteict (Figure 1c).

Table 1+= FA|Z70l|A] bf_tho4_5, bf_thol1_12, bf_tho_lum 2! BFojl th 44 BAMd R} 5h7 BAbE 7
°5‘ 12 7|§te 2 REMLY} GREML {HE o]-§stof 3743t AahE Qofsllrt. 2y 12 o]8siiA REML '

A2 2] 0480114 0.570] 1, GREML 0 2 715t g1 $—%§ 2= 048014 0.600 & = W Afo] o] 2427}
0] ‘n‘*]’d’ ek SHA|9E 0] 5 24| 0] TF QA2 Ahu i REMLL] 9= 0.100]4] 0.110] 21}, GREML2] 7-2-= 0.040]
#1 00522 REMLO]| 2J} 245 HE o] v]3h A2] ¥ 28 2 {rHTable 1).

Figure 2= 3A| 5ol M U] 7H4] 5219 7 @ 2ol thsiA o] S2 S Al set fAlddAleE 579t Aot &

(a) Color Key (b) (C)

Frequency
Frequency

— e ¢ —
cE as 2 1. oE

Genomic relationship

Genomic relationship

Figure 1. (a) Heatmap of the genomic relationship matrix G used in this study. (b) Histogram of offdiagonal
elements of the genomic relationship matrix. (c) Histogram of diagonal elements of the genomic relationship
matrix.

Table 1. Estimates of heritability (h*) using Model 1

Trait N Sy REsl\Z/[L n? N GRSE}/IL 2
BF 1,014 13. 96( 747 10.63(2.10) 0.57(0.11) 13.54(1.69)  9.00(0.69) 0.60(0.04)
bf tho4_5 1,046 15.43(4.17) 16.74(2.43) 0.48(0.10) 1549(2.26)  15.56(1.09)  0.50(0.05)
bf tholl 12 1,046 15.96(4.27) 13.25(2.42) 0.55(0.11) 12.69(1.83)  13.620092)  0.48(0.05)
bf_tho_lum 1,046 13.81(3.84) 13.33(2.20) 0.51(0.11) 13.01(1.79)  11.9100.84)  0.52(0.05)

'N represents the number of animals used for the variance components estimation; “Numbers in parentheses represent
standard error.

Journal of Animal Breeding and Genomics Vol. 2, No. 2, 2018 - 103



Hee-Bok Park, Jae-Bong Lee, Moon-In-Cheol, Nam-Young Kim, Jun-Kyu Son, Jae-Hoon Woo, Ji-Hyun Yoo, Sang-Min Shin, Nam-Geon Park In-Cheol Cho and Byoung-Chul Yang

[X:F] 0.78 0.81 B BF 0.80 0.95 0.99
(0.03) (0.02) (0.09) (0.03) (0.01)
08 o8
04 we
0.63
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Figure 2. (a) Phenotypic correlation coefficients of the backfat thickness traits. (b) Phenotypic correlation
coefficients (REML estimates) of the backfat thickness traits. (c) Phenotypic correlation coefficients (GREML
estimates) of the backfat thickness traits. Numbers in parentheses represent standard error of each estimated
coefficient.

A Aol 74 W9l 062014 0.832 2 T o) o] A S LiERT. i3 2004 REML ¥ 0 = ot /g
Aol 274 ilh 0.8001141 0.99% 374 =0} HAY Al Hit w2 Jof deHAS e o, GREML g 0 = 715§
WA= 093914 09902 F4E 0] O w2 o} JUAE Heklth. ol 839 #Feaks AN
REMLO] 7-9-+=0.0101]41 0.090]3] 21}, GREMLS] 7-2-+=0.00301| 4] 0.02=A] REMLe]| 23] 4% FEF 4} H]sl|
£ HYlrk. |9k Zo] &2 Sl 2AH Yol FANVARE HIF 5AY TS ST el A fARE §
IS0 SAIE 7 Holof| Y= F= 2 o= Attt

S5 BA| #Eu} - ZA|5-Bol|A] H|ZH FFY ALR7F AFRE|Ql S0 = sl o)Ak} Zo] REML HHH 2t GREML
o] f A 20 QlojA kol xjolg Holi= ol f-2 Al i, 7]Ee] NRME ol&5Hs REMLEH O & Bt

r:Ir
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/388 A1 =], Mendelian sampling varianceo] o]-851%] Z-5}4| Htt. ol & So] Anj(fullsib)e] 4> S5t B
£ FAMd 20l Alg & 4= Hlojl gl BhHoll, GRM& o]-&5h= GREMLEHS 0|85 Hrh Mendelian sampling
variances 0|8 & 4= Q1A E]o] g nlj(full-sib)e] 7 ¢-2te /golst H RS HiVd R0l Ala T 4= o] & o HEsh 24t
BEFAHAE 7| & 4= QIek(Hill and Weir, 2011). SHA|RE 2 ALof|A] AR F2 wHlE o] 79§44 7127} o4
(heterogeneous)o]| 2.2 27 H G4 240] o] ZAIS 7[2d W 7| it
2 Aol = Al SE) R e shEgo| A0 wHiETo 2 RE] SAY FAZES] fARSE TS fste] 7]E9] 7}
AREE 0|85t ¥t SNP chip BA0A AFEH S22 HEE &85t WS H|wsllal, 1 &}olE “Mendelian
sampling variance” & 0]-§- 5o} 1&5}]ct. & A7) Axh= AlEA=H A S 7[R0 & AFH T 50l Qlo] SA FA
FE FA 7N Aol 71 2ARE E8E Ao & 7|diEh

Acknowledgements

3|
o O o
RIS 52 EH 32 %— o1l {7 st 4

104 - Journal of Animal Breeding and Genomics Vol. 2, No. 2, 2018



SNP and pedigree based genetic parameter estimation in pigs

REFERENCES

Cliplef RL and Mckay RM.1993. Carcass quality characteristics of swine selected for reduced backfat
thickness and increased growth rate. Can. J. Anim. Sci. 73 483-494.

Cho IC, Yoo CK, Lee JB, Jung EJ, Han SH, Lee SS, Ko MS, Lim HT and Park HB. 2015. Genome-wide QTL
analysis of meat quality-related traits in a large F2 intercross between Landrace and Korean native pigs.
Genet. Sel. Evol. 47:7.

Goddard ME, Hayes BJ, Meuwissen TH. 2011. Using the genomic relationship matrix to predict the accuracy
of genomic selection. J. Anim. Breed. Genet. 128:409-421

Henderson C. 1984. Applications of linear models in animal breeding. University of Guelph, Guelph. Canada.

Hill WG and Weir BS. 2011. Variation in actual relationship as a consequence of Mendelian sampling and
linkage. Genet. Res. 93 47-64

Kang YJ, Cho SR, Jeong DK, Lee JB, Park HB, Cho IC, Han SH. 2016. Effect of Mating Types on the Growth
Traits of F2 Population between Landrace and the Jeju Native Black Pigs. J. Emb. Trans. 31: 65-72.

Kim DH, Seong PN, Cho SH, Kim JH, Lee JM, Jo C and Lim DG. 2009. Fatty acid composition and meat
quality traits of organically reared Korean native black pigs. Livest. Sci. 120:96-102.

Lee SH and van der Werf JHJ. 2016. MTG2: an efficient algorithm for multivariate linear mixed model
analysis based on genomic information. Bioinformatics 32: 1420-1422.

Park HB, Han SH, Lee JB, Kim SG, Kang YJ, Shin HS, Shin SM, Kim JH, Son JK, Baek KS, Cho SR, and Cho IC.
2016. SNP-based and pedigree-based estimation of heritability and maternal effect for body weight traits
in an F2 intercross between Landrace and Jeju native black pigs. J Emb. Trans. 31! 243-247.

Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, Maller J, Sklar P, de Bakker PI, Daly
MJ and Sham PC .2007. PLINK: a tool set for whole-genome association and population-based linkage
analyses. Am. J. Hum. Genet. 81:559-575.

VanRaden PM. 2008. Efficient methods to compute genomic predictions. J. Dairy Sci. 91:4414-4423.

Yang J, Lee SH, Goddard ME and Visscher PM. 2011. GCTA" a tool for genome-wide complex trait analysis.
Am. J. Hum. Genet. 88:76-82.

Yoo CK, Lim HT, Han SH, SS Lee, Ko MS, Kang T, Lee JH, Park HB, Cho IC. 2012. QTL analysis of backfat
thickness and carcass pH in an F2 intercross between Landrace and Korean native pigs. Mol. Biol. Rep.
39: 8327-8333.

Journal of Animal Breeding and Genomics Vol. 2, No. 2, 2018 - 105



