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Association Analyses with Carcass Traits in the Porcine KIAA1717 and
HUMMLC2B Genes*

D. Q. Xu, Y, Z. Xiong**, M. Liu, J, Lan, X, F, Ling, C. Y. Deng and S. W, Jiang
Agriculture Ministry Key Laboratory of Swine Genetics and Breeding
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ABSTRACT : Bv screening a subtracted cDNA librarv constructed with mRNA obtained from the longissimus dorsi muscles of F1
hybrids Landracex Yorkshire and their Yorkshire female parents, we isolated two partial sequences coding for the H3-K4-specific
methyltransterase (K74-17717) and skeletal muscle myosin regulatory light chain (HLAQLC2B) genes. In the present work we
investigated two SNPs, one (C1334T) at the 3’ untranslated region (UTR) of K7417717 and one (A345G) at the SINE (PRE-1) element
of HIAALC2B, n a resource population derived from crossing Chinese Meishan and Large White pig. The selected pigs were
genotyped by means of a PCR-RFLP protocol. Significant associations were observed for the K2447717 C1334T polymorphic site with
thorax-waist backfat thickness (p<0.05), buttock backfat thickness (p<0.03), average backfat thickness (p<0.05), loin eve height
{(p<0.03), loin eve area (p<0.03), carcass length to 1* spondyle (p<0.01) and carcass length to 17 rib (p<0.01). HIAALC2B A33G were
significantly associated with loin eve width (p<0.03), loin eve area (p<0.03). Further studies are needed to contirm these preliminary
results. (dsian-Anst J. Anim. Sci. 2005. 1ol 18, No. 11: 1519-1523)
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INTRODUCTION

Continued genetic improvement of swine requires
molecular markers to assist selection. One method of
developing such markers is by studving candidate genes. A
quantitative trait (QT) is controlled by several or many
genes (quantitative traits loci-QTLs) which may contribute
to the phenotvpe to a different extent. and be also affected
by environmental factors. Genes involved in the biology of
a trait of interest are candidate genes for association studies
(Brunsch et al., 2002). In the last decade, animal genomics
has contributed to the mapping and identification of genes
responsible for several traits. In some cases both the genes
and the underlving causal mutations were identified by the
candidate gene approach (Harlizius and van der Lende.
2001 Lietal.2002: Yanet al.. 2004 Zhang et al.. 2003).

Muscle comprises as much as 43% of an animal’s body
mass (Young. 1970). Hence there is much interest in
understanding the development. physiology and metabolism
of this tissue. The regulation of muscle development is
complex. involving many integrated biochemical pathways
that interact with the environment to ultimately control the
rate of protein accretion. One strategy in dissecting out
these networks is to identify genes that are differentially
expressed between properly defined breeds, selection lines.
or developmental stages. The isolation of these

* The nucleotide sequence data reported m this paper have been
submitted to the GenBank wnder accession number; AY900164
(KI441717), AYS00165 (HUAQLC2B).

** Corresponding Author: Y. Z. Xiong. Tel: +86-27-87282602,
Fax: +86-27-87394184, E-mail: dequanxu2002@yahoo.com.cn
Received February 2, 2003, Accepted May 31, 2003

differentially expressed genes will give insight into their
biological function. provide clues as to what molecular
pathway they participate in. and suggest potential candidate
genes for breeding programs or genetic methods of
manipulating growth in livestock (Janzen et al., 2000). In
addition. the phenomenon of heterosis is in fact the external
exhibition of gene expression and regulation in the
heterozygote (Liu et al.. 2004). The development of cDNA
libraries from tissues directly related to important
production traits is also important for the identification of
candidate genes (Gellin et al., 2000). For these reasons we
developed a porcine longissimus dorsi subtracted ¢cDNA
library between F1 hybrids LandracexYorkshire and their
Yorkshire female parents. Recently, from this subtracted
¢DNA library we isolated partial ¢cDNAs representing
KI441717 and HUMALLC2E, which were highly expressed
in the female Yorkshire parents.

In this study we investigated the polymorphisms of
KI441717 and HUMMLC2E and evaluated the effects of
KI441717 and HUAASLC2B Msp [ PCR-RFLP on carcass
traits in the population derived from crossing Chinese
Meishan and Large White pigs.

MATERIALS AND METHODS

Animals and data collection

The animals were produced by crossing Large
WhitexMeishan and raised in Huazhong Agriculture
University. They were fed twice daily diets formulated
according to age under a standardized feeding regimen and
had free access to water. The finishing animals were
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Figure 1. PCR products of KLLIL717 and HUNMLC2B. A
corresponds 1o the 3-untranslated region (3-UTR)Y of AA41717.
13 corresponds 1o part of exon 4 and 3" UTR, complete exons 3 1o
G and introns 4 to 6 of /UNALC2E,

slaughtered and the carcass traits were measured according
to the method of Xiong and Deng (1999). Genomic DNA
was prepared from blood samples using a standard phenol:
chlorolorm extraction method.

Primer design and PCR amplification

According (o the ¢DNA scquences. oblaingd [rom (he
porcine longissimus dorsi subtracted cDNA library between
F1 hybrids LandracexYorkshire and their Yorkshire female
parcnts. and the results of databasce scarches performed with
BLASTN (Altschul et al.. 1997). PCR primers (forward: 3'-
AAACAACCGTAAAGGACTG-3": reverse: 3'-GCAAGA
AATGCCTAAAGC-3) were  designed  to amplify
KIAA1717. and PCR primers (forward: 3-AGCGGTCCC
ATCAACTIC-3" reverse: 3'-GTCCCCTACTCCTGGTC
CT-3) amplificd HUMMILC2B. The rcaction mixiure
comprised 23 ng porcine genomic DNA as template. 0.25
uM of cach primer. 0.23 uM of cach ANTP. 1xPCR bufler
and | U Taq DNA polymerase (Biostar Inicrnation. Toronto.
Canada). The PCR amplifications were performied in 20 pl
on a GeneAmp PCR system 9600 (Perkin Elmer. Foster
City. CA. USA) with the following cycling paramcicrs:
95°C tial denaturation for 4 mun. 35 cyeles of 93°C
denaturation for 40 s, 33°C (KIAAI717) or 64°C
(HUMMI.C 2B) anncaling for 40 s. and 72°C extcnsion for 2
min. A [inal extension was performed at 72°C for 10 min.

PCR-RFLP analysis

The alleles of KIAA/717 and HUMMLC2B were
analvscd by using the restriction fragment length
polvmorphisin (RFLP) protocol. 8.5 pl of PCR products
were digested with 3 U of Msp 1 (MBI Fermentas. Vilnius.
Lithuama) at 37°C for 4 h mn a volume of 10 pl and the
digested products were clectrophoresed on 1.3% argarose
gcls and stained with cthidium bromide.

Statistics analysis

The genotype  distribution  was  tested for  Hardy-
Weinberg cquilibrium as described by Falconer and Mackay
(1996). Associations between genotypes and carcass traits
were evaluated by mcans of the Ieast square method (GLM
procedure. SAS version 8.0). According to the mcthod of
Lin (1998). both additive and dominant cflccts were also
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Figure 2. Agarose gel  clectrophoresis  (1.3%)  showing

polymorphisims  in PCR ragments of KLALAI7I7 (A) und
[TUNNLC 28 (13) alter digestion with Msp [ The genolypes (AA,
Al and BB) are shown at the (op of the lanes, M, marker D1, 2000
DNA Ladder (TaKaRa).

cstimated by using the REG (regression) procedure of SAS
version 8.0, where the additive cffcet was denoted as -1, 0
and 1 for AA. AB and BB. respectively. and the dominance
cllects represented as 1. -1 and | lor AA. AB and BB,
respectively. The model vsed to analyze the data was
assumed to be:

Y:ik = LL+SI+BJ+Gk+bl_]kXl_|k+cljk

Where Y, is the obscrvation of the trait: w is the lcast
square mcan (LSM). S, is the effect of i-th sex (i = 1 for
male or 0 [or [cmale). B is the cftect of j-th year (j = O for
2.000 or 4 for 2.004). Gy is the cffect of k-th genotype (k =
AA. AB. BB). b, is the regression cocflicient of the carcass
weight and ¢, is the random residuc,

RESULTS AND DISCUSSION

In total. 2.032 bp. corresponding to the 3'-untranslated
region (3'-UTR) of KIAA1717 (GenBank accession numbcer
AY900164) and 1.292 bp. encompassing part of exon 4 and
3" UTR. complete exons 3 1o 6 and inirons 4 1o 6 of
HUMMILC2B  (GenBank  accession number  AY900163)
scquences were obtained (Figure 1). The fragments of
KidA 1717 and HUMMILC2B both had two digested sites for
Msp 1. The polyvmorphic Msp [ silcs were at posilion
CI354T. n the 3-UTR of KidA417!7. and A3453G n the
SINE (PRE-1) clement of the fifth intron of HUMMLC2B.
respectively. The Msp I digestion ol KIAA41717 pencrated
two (genotype AA. |L184+848 bp). threc (genotype BB.
[.184+678+170 bp) or four (genotype AB. 1.184+848+
678+170 bp) fragments (Figure 2A). The Msp [ digestion of
HUMMILC2B gencrated two (genotvpe AA. 1.111+181 bp).
three (genotype BB. 767+344+181 bp) or [our (genotype
AB. LLIT1+767+344+18 1 bp) fragments (Figurc 2B).

In order to study thc possible associations between
carricrs of the different genotypes and the trait values. the
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Table 1. Association between KI441717 genotvpes and carcass traits

Trait KI141717 genotype (pxSE) Eftect (nSE)
AA(n=203 ABm=7D BBn=9% Additive Dominance
Dressimg percentage (%) 71.6344).263 72.3610.459 72.374£1.307 0.2880.630 -0.291£0.383
Lean meat percentage (%) 57.171+0.263 56.685+0.453 56.014+1.242 -1.07040.639 -(.236+0.390
Shoulder backtat thickness (cm) 3.205+0.0476 331340082 3.55540.225 0.118£0.116 0.006+0.071
6-7 thorax backfat thickness (cm) 2.543£0.041 2.677£0.072 2.92810.196 0.16540.101 0.0140.062

Thorax-waist backfat thickness (cm) 1.802+0.038" 1.980+0.0635" 2.183+).179" 0.216£0.092% 0.018£0.036

Buttock backfat thickness (cm) 1.693+0.045° 1.8730.078" 2.05240.214® 0.14240.110 -0.021+0.067
Average backfat thickness (cm) 2.310+0.037* 2.47040.064° 2.67840.176° 01.159+0.090 0.005+0.055
Loin eve width (¢m) 4.727£0.047 4.62310.082 3.02240.224 0.10940.116 0.10240.071
Loin eve height (cm) 9.41140.054° 9.148+0.093" 9.0914).255 -0.033+0.127 0.075£0.077
Loin eve area (cm®) 3L17140.352"  20.703+0.608" 31.242+1.666 0.110+0.859 0.665+0.524
Carcass length to 19'spondvle (cm)  92.93120.296™ 91307403125 88.32121.403%  22.16420.721%%  -0.280+0.440
Carcass length to 19'1ib (cm) 78.508+0.267* 76.984+0 4628 74.818+1.266" -1.824H).649%*  -0.130+0.396
Rib number 14.798+0.048 14.634+0.083 14.437+0.227 -0.14740.115 (1.000+0.070

Least square means (LSM) estimated for each polymorphism is indicated with its standard error (SE).
Significant differences (within a trait) between the genotype classes indicated with ditferent lower case superscripts are significant at p=0.05. those with
capital superscripts differ at p=0.01. * p=20.05 and ** p=:0.01. n = Number of individuals.

Table 2. Association between HUAALC2B genotypes and carcass fraits

Trait HUARALL2B genotype (LESE) Effect (p+SE)
AA(n=18) AB(n=87) BB (n=207) Addiuve Dominance

Dressimg percentage (%) 7265141293 71.885+0.395 T1.722+0.257 -0.469+0.659 0.124+0.386
Lean meat percentage (%) 56.691+1.336 5714440404 57.016+1.262 0.154+0.684 -0.13840.400
Shoulder backfat thickness (cm) 3.49740.238 3.1810.072 3.224£0.047 -(1.14140.122 0.10240.072
6-7™ thorax backfat thickness (cm) 2.8394) 209 2.629+0.063 2.3240.041 -0.163+0.107 0.033H).063
Thorax-waist backfat thickness (cm) 2.13440.193 1.833+0.059 1.838+0.038 -0.14940.099 0.0774+0.058
Buttock backfat thickness (cm) 2.068+0.225 1.756+0.068 1.692+0.044 -0.187+0.116 0.07240.068
Average backfat thickness (cm) 2.63140.188 2.348+0.057 2.323+£0.037 -(0.139£0.096 0.0724.036
Loin eve height (cm) 919240273 9.361+0.083 9.317+0.054 0.081+0.135 -0.07540.079
Lom eve width (cm) 4.94740.233% 4.828+0.071° 4.643+0.046° -0.159+0.119 -0.02040.070
Loin eve area [jr:m2 ) 31.67441.739®  31.718+0.526° 30.282+0.341° -0.683+0.892 -(0.46440.522
Carcass length to 1™ spondvle (cm) 904331310 9242440 437 92.308+0.296 1.026£0.774 -0.523£0.453
Carcass length to 1%'1ib (cm) 77486+1.335 78.034+0.410 78.066+3.266 0.274+0.695 -0 13040407
Rib number 14.865+0.239 14.842+0.072 14.685+0.047 -0.0771£0.121 -0.04740.071

Significant differences (within a trait) between the genotype classes indicated with different lower case superscripts are significant at p=20.05.
Least square means (LSM) estimated for each polymorphism is indicated with its standard error (SE).

n = Number of individuals.

Msp I PCR-RFLP of KZ1177/7 and HUAASLC2B
amplicons were tvped in 283 and 302 F2 animals of a Large
WhitexMeishan population. respectively. The results of
tests for AI14/717. HUMMLC2B genotypes and meat
quality traits are given in Tables | and 2. Within F2 animals
of the Large WhitexMeishan population the genotvpe
distributions were at Hardy-Weinberg  equilibrium.
Statistically  significant associations with thorax-waist
backfat thickness (p<0.03). buttock backfat thickness
(p<0.05). average backfat thickness (p<0.05). loin eve
height (p<0.03), loin eve area (p<0.03), carcass length to 1*
spondvle (p<0.01) and carcass length to 1% rib (p<0.01)
were found for the A71477/7 Msp [ PCR-RFLP site. This
site seemed to have a significantly additive effect on carcass
length to 1* spondvle (p<0.01), carcass length to 1% rib
(p<0.0l) and thorax-waist backfat thickness (p<0.0l).

Allele A was favourable for these traits. Statistically
significant associations with loin eve width (p<0.05). loin
eve area (p<0.05) were found for the AUANALC2B Msp 1
PCR-RFLP site. No significantly additive or dominance
effect was detected for this site.

KI411717 encodes a H3-K4-specific methyltransferase
(H3-K4-HMTase) (also called SET7/9) with 3 MORN
repeats and a SET domain (Nagase et al., 2000; Wang et al..
2001). The evolutionarily conserved SET (Suvar3-9.
Enhancer-of-zeste, Trithorax) domain occurs in  most
proteins known to possess histone lysine methyltransferase
activity. and methylates diverse proteins. such as. histones,
Rubisco and cytochrome C. In particular, they play an
important role in the dynamics of the eukarvotic chromatin
and are present in several chromatin-associated proteins
(Wilson et al., 2002; Aravind and Iver, 2003). It had also
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been reported that histone methvlation had significant
effects on heterochromatin formation and transcriptional
regulation (Nishioka et al.. 2002). In addition. SET domains
have been identified as protein-protein interaction domains
and they interact with members of a family of proteins that
display similarity to dual specificity phosphatases and could
link the epigenetic regulatory machinery with signalling
pathways involved in growth and differentiation (Cui et al..
1998; Firestein et al.. 2000). Chuikov et al. (2004) reported
a novel mechanism of p33 regulation through lvsine
methylation by Set9 methyltransferase. Set9 specifically
methylates p33 at lvs372 within the C-terminal regulatory
region. Methylated p33 is restricted to the nucleus and the
modification positively affects its stability. Set9 regulates
the expression of p33 target genes in a manner dependent
on the p33 methvlation site. HTAAZLC2B encodes a Ca™
binding protein. skeletal muscle myosin regulatory light
chain (RLC) with EF-hand calcium binding motif, Ca™
binding protein is involved in Ca2+/CaM-mediated
signaling pathways related to morphogenesis. cell division.
cell elongation. ion transport. gene regulation, cvtoskeletal
organization. cytoplasmic streaming. pollen function. and
stress tolerance (Reddy et al.. 2002). RLC is also a primary
regulatory component of the thick filament-linked systems.
It had been suggested that phosphorylation of RLC served
as an efficient mechanism during cross-bridge cvcle.
calcium semsitivity and other parameters strengthening
muscle performance (Sweeney et al.. 1993). In molluscan
muscle. direct binding of Ca™ by the regulatory RLCs
promotes actin activation of the mvosin ATPase (Claudia
and Philip. 1988). Therefore. A741777/7 and HUAALC2B
seem to be involved in the regulatory mechanisms of genes
with responsibility for some carcass traits.

The International Radiation Hybrid Mapping
Consortium has mapped the human K7447/7/7gene to
HSA4¢28. No mapping information is available for porcine
Ki141717. But the Sus scrofa chromosome 8 (SSCB) is
homologous to most of the Homo sapiens chromosome 4
(HSA4) as reported previously (Goureau et al.. 1996).
Another gene. FGG on HSA428 has also been assigned to
SSC8 (Jiang et al., 2002). So it is probable the porcine
Kid41717gene is located on SSC8. In addition,
HUARA{LLC2B has already been localized to SSC3 (Davoli et
al., 2003). On SSC8. QTLs affecting backfat thickness. loin
eve area and carcass length have been detected. On SSC3.
QTLs affecting loin eve area have also been detected.
Therefore, K74.41717 and HUAASLC2B are probably linked
with the causal mutations and the genes with responsibility
for some carcass traits. too.

In addition, in this study. the polvmorphic Msp I sites
were at position in the 3-UTR of AZ41/7/7. and in the
SINE (PRE-1) element of ALUAALLC2B, respectively. The
important role that UTRs of eukarvotic mRNAs may play in
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gene regulation and expression is now widely recognized.
Indeed. experimental studies have demonstrated that
sequence motifs located in the UTRs are involved in crucial
biological functions. SINEs (short interspersed nucleotide
elements) have also been taken as important elements to
generate variations in genome structure and expression.
Therefore, the variations in these sequences may have
important regulation roles and be directly related to
functional variations, too.

The specific gene function. and the results obtained
from the PCR-RFLP analyses of X7441717 and
HUAALC2E are worth being further investigated using
larger samples to better evaluate their effects on carcass
traits
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