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Abstract: SDHD (Succinate Dehydrogenase D) 1s a maternally imprinted gene in human carotid body tissue.
Mutations carried by the father of this gene may cause embryo growth retardation and tumor, therefore it is
important to study the function of this gene. In this study, we detected the imprinting status of porcine SDHD
in the 90 day prenatal muscle and placental tissues, analyzed the genotype frequencies of a non-synonymous
BstF5L SNP m the 4th exon of this gene and detected the expression in prenatal muscle of three embryomnic
developmental stages (33d, 65d, 90d). The results showed that Adobl PCR-RFLP from both DNA and cDNA from
the same animal muscle and placental tissue are heterozygote, sequencing of both DNA and ¢cDNA showed
there 1s no preferential expression of any of the two alleles. Thus SDHD has no imprinting effect in poreine 90
day fetus muscle tissue and placenta tissue. The allele frequencies of BstF5I PCR-RFLP in different pig breeds
revealed a much higher frequency of allele A in Clinese indigenous breeds Erhualian and Yushanhei pigs
whereas allele G has higher frequency in Tongcheng, Large White and Landrance pigs. The RT-PCR result of
SDHD showed that this gene is expressed in prenatal muscles in all the three embryonic developmental stages

in the porcine.
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INTRODUCTION

Succmate-ubiquinone oxidoreductase (SDHD) 15 an
important enzyme complex in the tricarboxylic acid cycle
(Saraste, 1999). It consists of 4 subunits (Baysal et al.,
2001) and is the only respiratory chain complex completely
encoded by nuclear genes. Flavoprotein and iron—sulphur
protein, encoded by succinate dehydrogenase complex,
subunit D (SDHA) and SDHB, constitute the hydrophilic
catalytic part of the complex. The other two urits, which
are encoded by SDHC and SDHD called CybL and CybS,
are hydrophobic mtegral membrane proteins which can
form the cytochrome-b and link the catalytic subunits to
the matrix side of the mitochondrial immer membrane
(Hagerhall, 1997, Ackrell, 2000; Iverson et al, 2000).
Deficiency of Complex 1T in human may present
themselves clinicallies as Leigh syndrome (Birch-Machin
et al., 1996), Kearns-Sayre syndrome (Rivner et al.,
1989), encephalopathy (Stratilova et al., 1998), isolated
cardiomyopathy (Haut et al., 2004) muscle weakness with

mtolerance (Mancuso et al., 2003) and
polymyositis with sarcoidosis and myopathy (Reichmann
et al., 1995).

Imprinted genes do not rely on traditional laws of
Mendelian genetics, which describe the mheritance of
traits as either dominant or recessive. In Mendelian
genetics, both parental copies equally contribute to the
offspring. The impact of an imprinted gene copy,
however, depends only on the parent from which it was

exercise

inherited. For some imprinted genes, the cell only uses the
copy from the mother to make proteins and for others only
that from the father. Since DeChiara discovered an
endogenous mmprinted gene in mice, sclentists began
more genetic research on such special genes and made
meaningful results. According to those studies, about
80% of the imprinted genes present clusters on the
chromosome (Lee et al., 1997); in mammals, imprinted
genes are highly conserved (Bartolomei ef al., 1997); the
copy of imprinted genes are often out of step (Kitsberg
et al., 1993), some imprinted genes only transcript to
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mRNA but not express to protein (Pteifer and Tilghman,
1994). Generally speaking, methylation of the regulatory
sequence DN A in mammalian imprinted genes 1s a major
cause of most single allele expression, it can be eliminated
or marked. Genome imprint 1s related to diseases, fetal
development and many important qualitative and
quantitative  characters.
maternally imprinted gene in human carotid body tissue
(Roqueplo et al., 2001).

In this study, we detected the imprinting effect of
porcine SDHD in the 90 day prenatal muscle and placental
tissues, analyzed the genotype frequencies of a non-
synonymous SNP in the 4th exon of this gene and

SDHD was known as a

detected the expression differences m three embryonic
developmental stages (33d, 65d, 50d).

MATERIALS AND METHODS

Tissues samples: The samples for unprinting
identification were 90-day fetal muscle samples of five
Large White pigs and 90-day placental tissues of 15 Large
White pigs. The samples for allele frequency analysis
were 5 unrelated pig breeds: Tongcheng pigs (17),
Erhualian pigs (25), Yushanhei pigs (20), Large White (21)
and Landrance (25). The samples for expression profile
analysis were prenatal loin muscle from 3 different

developmental stages (33d, 65d and 90d) of 9 Landrance
ples.

RNA extraction and reverse transcription: Total RNA
was extracted using TRIzol reagent (Ambion, USA)
according to the manufacturer's instructions and then
purified with the TURBO DNA-free TM kit (Ambion,
USA) to eliminate potential DNA contamination. The
concentration of RNA was measured by the UV
absorbance at 260 nm and performed under gel
electrophoresis to detect its inaction.

RNA was reverse transcribed in the presence of 5X
PCR Buffer (Mg™), 1 mM dNTPs, 300U Reverse
Transcriptase (Promege, USA), 1U RNAsafe, 2.5 uM
OligodT m a final reaction volume of 50uL. Reactions were
carried out at 42°C for 30 mm, followed by a 5 min
step at 95°C to denature the enzyme and then by cooling
to 4°C. After reverse transcription, the cDNA was
amplified by PCR with primer pair 1. Sense: 5° GGG GCA
TTG GAC AAG TCG 3°; Anti-Sense: 5° GAG CAG AGG
CAA GGA GGT 3°. The PCR reaction was as follows:
cDNA was amplified in 10 ul, reaction mixture which
containing 5% PCR buffer (Mg®"), 3 pmol each primer, 75
pM dNTPs, 0.5U Tag DNA polymerase. And the PCR
program 1s 94°C for 3mmn; 35 cycles at 94°C for 305, 58 or
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62°C for 30 s and 72°C for 20 s; with a final extension for
5 mmat 72°C. The PCR products were detected on a 2.0%
agarose gel stained with 0.5 pg mL ™" ethidium bremide.
DNA was recovered with the Gel extraction Mim kit
(Watson Biotechnolgies, Shang-hai, P.R.China). PCR
products sequenced to confim the correct
amplification.

WEre

SNP identification and allele frequency analysis:
Alignment of expressed sequence tags from Unigene
Cluster Ssc.2586 revealed several possible SNP sites of
pig SDHD. Single Strand Conformation Polymorphism
(S3CP) analysis and sequencing of PCR products were
used to confirm two SNP sites. The allele frequency
analysis was conducted using 108 unrelated amimals from
5 breeds: Tongcheng pigs from Hubei province (17),
Erhualian pigs from Jiangsu province (25), Large White
pigs (21), Yushanhei pigs from langxi province (20) and
Landrance pigs (25).

Imprinting analysis: Genotypes of genomic DNA and
cDNA from the same heterozygote muscle and placenta
samples were using Mbol restriction enzyme. Imprinting
status was determined by comparing the genotypes and
the sequencing results of genomic DNA and cDNA.

Expression profile of three developmental stages: RT-PCR
was conducted to detect the expression of SDHD gene in
the developmental stages. GAPDH was used as the
positive control, primers were: FOR-5'-CCT TCA TTG
ACCTCCACT AC-3",REV-5-GTT GTCATA CTT CIC
ATG GTT C-3° (Pan et al., 2003).

RESULTS AND DISCUSSION

Mutation identification and allele frequency analysis:
After sequencing confirmation of the PCR products, one
genetic variation based on T---G was detected by PCR-
restriction fragment length polymorphism using the A/bol
restricion enzyme and another G---A transition was
detected by digestion with BstF5I, resulting in allele A
(220bp) and allele G (178 and 42bp) (Fig. 1). Analysis of
this SNP revealed a much higher frequency of allele A in
Chinese indigenous breeds Erhualian and Yushanhei pigs
whereas allele G has higher frequency in Tongcheng,
Large White and Landrance pigs (Table 1).

Imprinting identification: PCR-RFLP was used to detect
the genotypes of DNA and ¢cDNA, the result showed that
Mobl PCR-RFLP from both DNA and ¢cDNA from same
ammal muscle tissue are heterozygotes (Fig. 2 and 3),
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Table 1: Genotype and allele fequencies in different breeds of the SDHD
HeiFSl SMEL
Cenotype Allele fequency

No.of e
Breeds animals A& MG [e]e] ] A
Tongcheng 17 a 4 13 05824 01176
Erhualian 25 17 7 1 0.18 0.82
Yushanhei 20 ] 1z 2z 0.4 0.8
Large white 21 0 0 21 1 0
Landrance 25 1] 3 22 0.84 0.06

Fig. 1: SDHD Bs{F51 SNP genotyping in different pig
breeds. Lanes 1, 2: GA genotypes; Lanes 3,4, 7: GG
genotypes; Lanes 5, 6: AA genotypes. Lane M:
Marker 100bp ladder

Fig. 2:Identification of heterozygote individuals. Lanes 1,
3: TG genotvpes; Lanes 2, 4, 5. GG genotypes.

Lane M: Marker DL2000
1

Fig. 3: Genotype of cDNA from 90 day fetus muscle tissue
of heterozygote individuals. Lanes 1, 2: the two
heterozygous genotype of TG. Lane M: Marker
DL2000

indicating no imprinting effect in porcine 90 days fetus
muscle tissue. Similar method wag used to analyze the
imprinting effect of SDHD in placental tizsue, the PCR-
RFLP result alzo showed that it has no imprinting effect in
90 days placental tissue (Fig. 4).
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Fig 4: Genotype of genomic DNA and cDNA from
placental tissue. Lanes 1, 2: DN A and cDNA from
the same individual. Lanes 3, 4: DNA and cDNA
from the same individual. Lane M: Marker DL2000

131bp 131bp
G G A g d A T

Fig 5: Sequencing results of DNA and fetal muscle cDNA
from one heterozygous individual. A iz DNA
sequence. B is cDNA sequence

In order to make our result more convictive, we
sequenced the DNA and ¢cDNA from muscle of one
heterozygote animal (Fig. 5), indicating no preferential
expression of any of the two alleles.

Expression profile: The RT-PCR result of SDHD in
different developmental stages show ed that this gene is
expressedin all the three developmental stagesin porcine
prenatal muscle (Fig. 6). Intensity of the bands were
quantified and F tests were conducted to compare the
differential expression among these stages, but no
significant differences in expression were detected.

In this study, we identified a new non-synonymous
SNP in the porcine SDHD gene and defected allele
frequencies of this SNP in Chinese and foreign breeds.
Zhu et al. (2005) reported that another polymorphizsm
in the SDHD gene on chromosome 9 iz associated with
loin-muscle area. Malek and Thomas Identified QTLs for
reproduction and carcass traits on porcine chromosome
9, such as average daily gain to weaning, average daily
gain on test, early growth, 16-d weight and loin muscle
area etc. In this study, the high allele frequencies of allele
G in Yorkshire and Large White indicating these two
breeds were almost fixed for this allele. Since the alleles
were not segregated well in our population, we didn’t
analyze the association between this SNP and economic
traits.

There was evidence that SDHD has matemnal
imprinting effect in human carotid body tissue, e.g
the mutation from paternal may cause later fetal growth
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Fig 6: Expression profile of SDHD in fetal muscle of different developmental stages. a) Indicates SDHD; Lanes 1-6: 33d,
7-12: 65d, 13-18: 90d; the odd number: 30 cycles, even number: 35 cycles. b) Indicates GAPDH; Lanes 1-6: 33d, 7-
12: 65d, 13-18: 90d; the odd number: 20 cycles, even number: 25 cycles

and tumor (Hitching and Moore, 2002; Renard ef af.,
2003). Since Thomsen suggested that there are genomic
imprinting regions for some production and carcass fraits
on pig chromosome 9, which alzso containg SDHD, it may
be interesting to detect the imprinting status of the SDHD
in the pig by genotyping genomic and cDNA from the
sample heterozygous sample, however, our results
show ed biallelic expression of SDHD gene in the porcine
90 day fetus muscle and placenta. Some imprinted genes
can not be identified only by PCR-RFLP when the gene is
not compl etely imprinted, for example, Clark ef al. (2002)
proved that Thf75/23 gene was weakly imprinted in several
organs in mouse. In order to detect the unequal
expression of the parental allele, we sequenced the DNA
and ¢cDNA from the same heterozygote, the result also
showed that there is no preferential expression of any of
the alleles. Imprinted genes were frequently conserved
among different species of mammals (Jinno et a@i., 1996).
Khatib’s study in the sheep alzo showed that SDHD has
no imprinting effect in sheep muscle tissue (Khatib ef af.,
2005) which is in agreement with our results in the pig.
However, it was in disagreement with the result of human,
which demonstrated that SDHD gene in extant mammals
has divergent imprinted status.

RT-PCR by samples from muscle samples from three
different prenatal stages showed that the SDHD gene is
expreszed in all stages and the different amplification
cycles did not show there iz differential expression among
these stages. This result indicates that SDHD may be an
important gene in all three developmental stages.
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