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Abstract

The PR domain containing the 1BRDM16) gene, also known as the MDS1/EVI1-like gelWdEL 1),
may act as a bidirectional switch between brown dat skeletal muscle in mice. The molecular
characteristics and possible biological functionpofcinePRDM16 gene have been less reported. In this
study, the mRNA expression profile, linkage mappamgl association analyses of PlBDM16 gene were
carried out in the pig. ThERDM16 mRNA was expressed widely in various tissues iiclg fat and the
longissimus dors muscle. One SNP ¢.-3284+171C>T in intron 14 wastifled and that made tHRRDM16
gene being assigned betwe®WR1130 and SW122 on SSC6. The different genotypes of ¢.-3284+171C>T
were significantly associated with backfat and lomuscle area in the ISU Berkshire x Yorkshire pig
resource family, but such associations were notfi@drin another pig population. The discovery of
additional mutations and association studies aneanwted before th®RDM16 gene can be recommended
for marker assisted selection in the pig.
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The PR domain containing the 1BRDM16) gene, comprising of a PRD1-BF1-RIZ1 homologous
(PR) domain and several zinc fingers, has been ishowurn on the expression of brown fat-selectigaes
and turn off the expression of white fat-enricheshes, and therefore acts as an critical regulaidngl
adipose development (Seaeal., 2007; Kajimuraet al., 2008). Furthermore, knockdown of tRERDM16
gene from brown fat precursors led to muscle diffiéiation in mice (Sealet al., 2008). These findings
imply that thePRDM16 gene may play a role in the conversion and growthtaand skeletal muscle tissues.
The pig is one of the important livestock specmsmeat supplies, and it can also easily deposidang
the growth period. This makes it interesting tolergif thePRDM16 gene is involved in the development
of fat and skeletal muscle tissues in pigs. In ¢higly, mMRNA expression patterns of #RDM16 gene were
analyzed and further SNP discovery and associati@alyses were implemented to identify the potential
genetic marker associated with fatness and musa$s im the pig.

The tissues used for mMRNA expression analysis wehected from three Yorkshire piglets, and
included the heart, liver, spleen, lung, kidneitrlongissimus dorsi muscle, interior fat, stomach, small
intestine and testis. Total RNA was isolated follogwthe instruction of TRIzol reagent kit (TiangBiotech,
Beijing, China) and mRNA expression patterns wee¢eanined by the RT-PCR technique. The PCR
mixture consisting of 2g total RNA and quL oligo (dT) was incubated at 70 °C for 5 min toréhate the
RNA secondary structure. The reactions were chdledte for 2 min and the remaining reagents inolg
uL dNTPs (10 mM each dNTP), 10 5 x buffer, 2.5uL. RNAase inhibitor with 300 U M-MLV reverse
transcriptase (Promega, Madison, WI, USA) were dddea total volume of 5QL. Reverse transcription
reaction was proceeded for 1 h at 42 °C. Finalyg teverse transcriptase was inactivated by 5 min
incubation at 90 °C. 2uL single-stranded cDNA was amplified with a pair pfimers (F1:5'-
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CTGGCTGCACGTCTGTTACC-3' /R1: 5-CCTGAAGGTCACGCCTAGA3’). The PCR programme
was as follows, 4 min at 94 °C; 28 cycles of 3@ 84a°C, 30 s at 60 °C, 20 s at 72 °C, and a fxa&tnsion

of 5 min at 72 °C. fuL PCR products were used to detect the expressigfiiepin agarose gel, and the
amplification of the RPL32 gene (F2: 5-CGGAAGTTTCTGGTACACAATGTAA-3/R3:5'-
TGGAAGAGACGTTGTGAGCAA-3) was performed as a pogéicontrol. The mRNA expression patterns
of the porcinePRDM16 gene in various tissues are shown in Figure 1. FRBM16 gene was highly
expressed in the brain, lung, testis, interioafad kidney, and it was moderately expressed imdaet, liver,
spleen,longissimus dors muscle, stomach and small intestine. In humangg found that th®RDM16
gene is widely expressed in a variety of normalugs, especially in the heart, lung, kidney andcias
(Lahortigavet al., 2004). This is in agreement with the resultsentéed in pigs. In addition, the expression
patterns implied that theRDM16 gene has additional functions besides its rolebrown fat tissues. For
instance, the up-regulation BRDM16 could initiate a leukemogenic cascade (Sleing., 2007; Modlichet

al., 2008), and the copy numbafrPRDM16 molecules of patients with osteosarcoma was hitjtaar that of
the normal (Maret al., 2004).
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Figure 1 mRNA expression analyses of the pordfRDM16 gene using the RT-PCR method. Lanes 1~ 11
indicate heart, liver, spleen, lung, kidney, bréamgissimus dorsi muscle, interior fat, stomach, small
intestine and testis tissues, respectivEhe amplification product of thePL32 gene was used as a control.

The human PRDM16 transcript (ENSTO0000378389) retrieved from thesdinble database
(http://www.ensembl.org/index.html) was used as emtry to search for a homologous pig sequence
(http://www.ncbi.nlm.nih.gov/projects/genome/guiglg). The pig genome sequence fragments showing
above 85% identity with the entry sequence, wer@iobd. The pairs of primers were designed for PCR
amplification from the pig genomic DNA. PCR prodaigtere commercially sequenced. SNP discovery was
implemented by sequencing the pooled PCR producdified from six DNA samples and each two were
from Yorkshire, Landrace and Tongcheng pigs. Th®EPs, c.-3284+171C>T, ¢.-3284+207C>T,
€.-3284+208C>T, in intron 14 were identified andrthdeposited into a doSNP database (dbSNP acc. no.
$5136268357, s5136268362 and ss136268366). ThecSBEB4+171C>T could be distinguished by the
restriction enzymeAcil. A PCRAcil RFLP technique was developed using the redesignieders F3/R3
(F3: 5-AGAGCTAGGGCCACAGAG-3'/R1: 5'-CCAACAGCGAGATBACC-3"), with allele T revealing
a 280bp and allele C revealing a 215bp and a 7@gmient. The PCR-RFLP procedure for SNP genotying
was as follows: PCR mixture (1L) included 1xPCR buffer, 0.2M each primer, 15QM each dNTP, 1.5
mM MgCl,, 2U Tag DNA polymerase (Takara Company, Daliann@hand 12.5 ng genomic DNA; PCR
reaction comprised of the initial denature at 95fGC5 min, 30 cycles with 94 °C for 30 s, 60 °C 89 s,

72 °C for 15 s, followed by a final extension at°@2for 5 min; RFLP reaction mixture (1) consisted of

1 uL 10xbuffer, 1U restricted enzymikcil (NEB, Ipswich, MA, USA) and 3uL PCR products. Samples
were incubated overnight at 37 °C. SNP genotypiras werformed in two different pig populations.
Population A (n = 205) included the Yorkshire (Y5126), Landrace (L, n = 26) and Tongcheng (T,40¥
breeds, and crossbreds Lx(YXT, h =54) and Y x (I, » = 50). The association analysis was implepsunt
using the mixed procedure (SAS, 2006) and this mue@ated population/population combination, sex,
slaughter date and marker genotyping as fixed &ffetam as random effect and body weight as cdearia
(Tang et al., 2008). The genotyping was also performed in I®d Berkshire x Yorkshire (BxY) pig
resource family comprising of 515 F2 animals (Malgkal., 2001). The association analyses were
implemented using the mixed model procedure, inotlydex, slaughter date and marker genotypes ed fix
effects, dam (litter) as random effect and bodyghktias covariate. In population A, fat traits irdihg
average backfat, backfat at shoulder, & iB, loin, last rib and rump were used for asstimiganalysis, as
well as muscle mass traits including lean meao ratid loin eye area. The details about the measurteof
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these traits were described by Taegtgal. (2008). In population B, the analyzed traits ingd average
backfat, backfat at f0rib, lumber and last rib and loin eye area (Made#l., 2001).

The SNP ¢.-3284+171C>T showed high polymorphisinatih populations A and B. In population B
€.-3284+171C>T was highly significantly (P <0.013saeciated with loin eye muscle area and was
significantly (P <0.05) associated with lumbar Hatk carcass weight and body length. It was also
suggestively significantly (P <0.1) associated wétverage backfat and last rib backfat (Table 1)} Th
zinc-finger PR domain-containing protein encodedh®PRDM16 gene can induce expression of a number
of genes associated with white and brown fat (sash adipokine resistin, PGGtrland UCP-1),
mitochondrial biogenesis and oxygen consumptionstMecently thePRDM16 gene has been shown to
interact with eitherPGC-1a or CtBPs to activate brown genes or to suppress white geqpression,
respectively (Sealet al., 2007; Kajimuraet al., 2008).PRDM16 binds and co-activates the transcriptional
function of PPAR-y, which is known to be involved in adipose tisswvalopment. In addition, loss of
PRDM16 from brown fat cells could cause an increase imgByic gene expression and bona fide skeletal
muscle differentiation (Sealet al., 2008), but the exact mechanisms need to beedudddressed. It is
possible that in pigs thBRDM16 gene functions in fat and lean meat growth with shene molecular
mechanisms. However, there was no significant ésoic between SNP ¢.-3284+171C>T genotypes and
the analyzed traits in population A (data not shpwwhich suggested that additional SNP mining and
association analyses in pig populations with défergenetic backgrounds are necessary.

Tablel Association of ¢.-3284+171C>T within tIRRDM16 gene with the analyzed traits in pigs

LSM (s.e.y
Population Trait P<
TT TC cc

B LEA 35.7%0.71) 35.8(0.55) 37.7(0.75) 0.01
Average BF 3.35(0.07) 3.22(0.05) 3.35(0.08) 0.1
Last rib BF 3.25(0.07) 3.10(0.04) 3.19(0.07) 0.1
Lumbar BF 3.6%0.09) 3.48(0.06) 3.67(0.09) 0.05
Carcass BW 86.60.27) 87.18(0.17) 87.68(0.30) 0.05

" LEA - loin eye muscle area (§nAVBF - average back fat (cm); Last rib BF - lat back fat (cm), Lumbar BF -
lumbar back fat (cm); Carcass BW - carcass bodghigkg).

” LSM (s.e.) represents least squares means and steidard errors. Means with superscripts a andffer d
significantly (P <0.05).

The humanPRDM16 gene locates at HSA 1p36.23-p33, where it cormdpdo the SSC6 of pigs
(https://www-lgc.toulouse.inra.fr/pig/compare/compatm). The SNP c¢.-3284+171C>T was used for
linkage mapping in the BxY population. The mappprgcedures were performed with two-point linkage
analyses using an improved CRIMAP (Ver 2.5) devetbpy Evans | and Maddox J (16 Park Square Port
Melbourne, 3207 Australia, E-mail: jillm@rubensutsimelb.edu.au). TheRDM16 gene was mapped on
SSC6 and the order of makers v&¥R1130 (10.6cM)PRDM16-(3.1cM) SW122. Numbers of QTL related
to fat and loin muscle area have been mapped arourttlis region
(http://www.animalgenome.org/cgi-bin/QTLdb; Passtll., 2001; Yueset al., 2003; Edwardst al., 2008).
Combing the association analyses and linkage mgpmiomote the porcinBRDM16 gene as a candidate
gene for fat deposit and muscle production. Furtherk on causative mutation discovery and function
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analysis 0ofPRDM16 gene in pigs is required.
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