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ABSTRACT
The complete coding sequences of three porcine genes - NDP, CLN3 and NCF1 - were amplified using the reverse transcriptase polymerase chain reaction (RT-PCR) based on the conserved
sequence information of the human, mouse, and referenced highly homologues pig ESTs. The sequence analyses of these three genes revealed that porcine NDP gene encodes a protein of 133 amino
acids which has high homology with the Norrie disease protein homolog (NDP) of four species:
bovine (98%) human (96%), crab-eating macaque (96%) and mouse (95%). The porcine CLN3
gene encodes a protein of 438 amino acids which has high homology with the ceroid-lipofuscinosis, neuronal 3 (CLN3) of four species: human (90%), crab-eating macaque (90%), dog (89%) and
mouse (83%). The porcine NCF1 gene encodes a protein of 392 amino acids that has high homology with the neutrophil cytosolic factor 1(NCF1) of three species: bovine (87%), human (82%)
and mouse (79%). Phylogenetic tree analysis revealed that the porcine NDP and NCF1 has closer
genetic relationships with the bovine NDP and NCF1, but the porcine CLN3 has a closer genetic
relationship with the CLN3 of human and crab-eating macaque. The tissue transcription profile
analyses indicated that pig CLN3 and NCF1 genes were generally expressed in most of tissues, pig
NDP gene was expressed in muscle, spleen, brain, lung but not expressed in kidney, liver, backfat
and pancreas. These data serve as a foundation for further research on these three genes which have
been associated with human disease.
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INTRODUCTION
Norrie disease protein homologue (NDP) is an important gene identified as
harbouring mutations that results in Norrie disease. Norrie disease (ND) is a
rare X-linked recessive disorder characterized by congenital blindness and in
some cases, mental retardation and deafness (Battinelli et al., 1996; Lev et al.,
2007). Recently research indicated that the homozygous mutation of NDP is also
related to foetal loss in Norrie disease mice (Luhmann et al., 2005). Ceroidlipofuscinosis, neuronal 3 (CLN3) is another important gene which encodes a
protein that is involved in lysosomal function. Mutations in this, as well as other
neuronal ceroid-lipofuscinosis (CLN) genes, cause neurodegenerative diseases
commonly known as Batten disease (Adams et al., 2007; Eliason et al., 2007).
Neutrophil cytosolic factor 1(NCF1) is a 47 kDa cytosolic subunit of neutrophil
NADPH oxidase. This oxidase is a multicomponent enzyme that is activated
to produce superoxide anion. Mutations in this gene have been identified to be
associated with chronic granulomatous disease (El Kares et al., 2006; Roos et al.,
2006; Köker et al., 2007).
Based on these described above, these three genes are associated with three
important mutation diseases of human. The three diseases have also been reported
in the mouse (Kishida et al., 2006; Kovács and Pearce, 2006; Wollmann et al.,
2006). Although these diseases have not been documented in the pig, as same as
mammalian, these inherited diseases also maybe occur in pigs for the pig has been
used as a major mammalian model for human studies because of the similarity in
size and physiology, and in organ development and disease progression (Lunney
et al., 2007; Rothschild and Plastow, 2008). To date, the porcine NDP, CLN3 and
NCF1 genes have not been cloned. Cloning and sequence analysis of these porcine
genes would be an important step in establishing whether the suitability of the pig as
a model for studying these disease.
Comparative genomics research has revealed that virtually all (99%) of the
protein-coding genes in humans align with homologues in mouse, and over 80%
are clear 1:1 orthologs (Hardison, 2003). This extensive conservation in proteincoding regions implies that this conservation of protein-coding sequences may be
expected in different mammals including pigs. With the development of modern
bioinformatics, many more specific databases such as NCBI pig EST database
were established. These along with different convenient analysis tools make it
much easier to find the pig EST sequences highly homologues to some proteincoding sequences of the mouse and human. These tools also make it easer to
isolate the encoding regions of some pig genes based on the conserved proteincoding sequence information of other mammals and the highly homologues EST
sequence information.

WANG G.P. ET AL.

63

The objective of this study was to clone and analyse the coding sequences
of porcine NDP, CLN3 and NCF1 genes, and determine their tissue transcription profiles. The data obtained will serve as a basis for understand these porcine
genes.

MATERIAL AND METHODS
Samples collection, RNA extraction and first-strand cDNA synthesis
The tissue samples of brain, kidney, liver, muscle, backfat, lung, spleen and
pancreas, were obtained from five 180 days old Meishan pigs (A Chinese local pig
breed). Total RNA extraction and first-strand cDNA synthesis for these tissue samples
were performed using methods previously described (Liu et al., 2004). Briefly, total
RNA was extracted using the TRIzol Reagent Total RNA Extraction Kit (GIBCO,
USA). DNase I treatment was done before continuing with the first-strand cDNA
synthesis. For each RNA sample, a single reverse transcription reaction was set up and
then the efficiency of reverse transcription was checked on 1% agrose/EtBr gel.

Isolation of pig NDP, CLN3 and NCF1 genes
RT-PCR was performed to amplify complete coding sequences of these three
pig genes using the cDNA obtained from the pooled tissues above. The 20 µl
reaction system was: 2.0 µl cDNA, 2.0 µl 2 mM mixed dNTPs, 2.0 µl 10×Taq DNA
polymerase buffer, 1.2 µl 25 mM MgCl2, 1.0 µl 10 mM forward primer, 1.0 µl 10
mM reverse primer, 2.0 units of Taq DNA polymerase (1 U/1 µl), and 9.8 µl sterile
water. The primers for porcine NDP gene isolation were designed based on the
conserved coding sequences from human and mouse NDP genes and their highly
homologues pig EST sequences (GeneBank numbers BE032856 and BX671963).
Similarly, the primers for porcine CLN3 gene isolation were designed based on
the conserved coding sequences from human and mouse CLN3 genes and their
highly homologous pig EST sequences (Genbank numbers DB786839, BF078333,
and DB813196). The primers for isolating the porcine NCF1 gene were designed
based on the conserved coding sequences from human and mouse NCF1 genes
and their highly homologues pig EST sequences (GenBank numbers BP440864
and DB820142). These primers were all designed to amplify the complete CDS
(from start codon to the stop codon) for these three genes. These primer sequences
and their annealing temperature for RT-PCR reaction are shown in Table 1.
The PCR products for porcine NDP, CLN3 and NCF1 cDNAs were then
cloned into PMD18-T vector and sequenced bidirectionally with the commercial

64

TISSUE TRANSCRIPTION PROFILE OF THREE NOVEL PIG GENES

Table 1. Primers for porcine NDP, CLN3, NCF1,β-actin genes and their annealing
temperatures
Gene
Primer sequence
Ta/°C
Forward: 5 - ATGAGAAATCATGTACTAG-3
NDP
52
Reverse: 5 - TCAGGAGCTGCACTCCTC-3
Forward: 5’- ATGGGAGGCTGCGCGGGC-3’
56
CLN3
Reverse: 5’ - TCAGGAGAGGCGGCAGAG-3’
Forward: 5’- ATGGGGGACCCCTTCATC-3’
58
NCF1
Reverse: 5’- TCAGACAGCGGATGCCAG-3’
Forward: 5’- ACTGCCGCGTCCTCCTCCTC-3’
β-actin
55
Reverse: 5’- CTCCTGCTTGCTGATCCACATC-3’

fluorometric method. At least five independent clones were sequenced for every
gene.
RT-PCR for transcription profile

RT-PCR for transcription profile analyses were performed using the cDNA obtained from the specific tissues above as described by Liu and Xiong (2007). The
housekeeping gene, β-actin was used as an internal control. The primers and annealing temperature for porcine β-actin gene (GeneBank number AY550069) amplification is shown in Table 1. The size of the beta-actin PCR fragment is 399bp. To ensure that no false positive PCR fragments were generated from pseudogenes in the
contaminating genomic DNA, β-actin primers were derived from different exons in
the same gene. The primers for porcine NDP, CLN3 and NCF1 gene which were
used to perform the RT-PCR for tissue transcription profile analyses were the same
as the primers used for amplification in RT-PCR above. The 25 µl reaction system
was: 2.0 µl pooled cDNA of each tissue (100 ng/μl), 2.5 µl 2 mM mixed dNTPs, 2.5
µl 10 × Taq DNA polymerase buffer, 2.5 µl 25 mM MgCl2, 2.0 µl 10 mM forward
primer, 2.0 µl 10 mM reverse primer, 2.0 units of Taq DNA polymerase (1U/1 µl),
and 9.5 µl sterile water. The PCR program initially started with a 94°C denaturation
for 4 min, followed by 30 cycles of 94°C/1 min, Ta°C (Table1)/1 min, 72°C /1 min,
then 72°C extension for 10 min, finally 4°C to terminate the reaction. Every PCR
was repeated five times.
Sequence analysis
The gene analysis for cDNA sequence was conducted using GenScan software
(http://genes.mit.edu/GENSCAN.html). The protein prediction and analysis were
performed using the Conserved Domain Architecture Retrieval Tool of BLAST at
the National Center for Biotechnology Information (NCBI) server (http://www.
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ncbi.nlm.nih.gov/BLAST) and the ClustalW software (http://align. genome.jp/).
The theoretical isoelectric point (pI) and molecular weight (Mw) of proteins was
computed using the Compute pI/Mw Tool (http://www.expasy.org/ tools/pi_tool.
html).
RESULTS

Isolation results for porcine NDP, CLN3 and NCF1 gene. Through RT-PCR
with pooled tissue cDNAs, for porcine NDP, CLN3 and NCF1 gene, the resulting
PCR products were 402bp, 1317bp and 1179bp (Figure 1).

Figure 1. Isolation results for porcine NDP, CLN3 and NCF1. M, DL2000 DNA markers; 1, PCR
product for porcine NDP gene; 2, PCR product for porcine CLN3 gene; 3, PCR product for porcine
NCF1 gene

Sequence analysis. These cDNA nucleotide sequence analysis using the BLAST
software revealed that these genes were not homologues to any of the known porcine
genes and they were then deposited into the GenBank database (Accession number:
EU287430, EU287431 and EU295556). The sequence prediction was carried out using
the GenScan software and results showed that the 402bp, 1317bp and 1179bp cDNA
sequences represented three single genes which encoded 133,438,392 amino acids,
respectively. The theoretical isoelectric point (pI) and molecular weight (Mw) of these
deduced proteins of these three pig genes were computed using the Compute pI/Mw
Tool. The pI of porcine NDP, CLN3 and NCF1 are 9.07, 5.94 and 9.25, respectively.
The molecular weights of these three putative proteins are 14992.41, 47541.76 and
45291.63, respectively.
Further BLAST analysis of these proteins revealed that porcine NDP has high
homology with the NDP of four species: bovine (98%), human (96%), crab-eating
macaque (96%) and mouse (95%). The porcine CLN3 has high homology with
the Batten disease protein (CLN3) of four species: human (90%), crab-eating macaque (90%), dog (89%) and mouse (83%). The porcine NCF1 has high homology
with neutrophil cytosolic factor 1 (NCF1) of three species: bovine (87%), human
(82%) and mouse (79%) (Figures 2, 3, and 4).
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Figure 2. The alignment of the protein encoded by porcine NDP gene and other four kinds of NDP
from bovine, mouse human and crab-eating macaque

Figure 3. The alignment of the protein encoded by porcine CLN3 gene and other four kinds of CLN3
from crab-eating macaque, dog, human and mouse
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Figure 4. The alignment of the protein encoded by porcine NCF1 gene and other three kinds of
NCF1 from bovine, human and mouse

Based on the results of the alignment of NDP, CLN3 and NCF1, phylogenetic
trees were constructed using the Dendrogram procedure of ClustalW software
(http://align.genome.jp/), as shown in Figures 5-7.

Figure 5. The phylogenetic tree for five kinds of NDP from pig, bovine, human, crab-eating macaque
and mouse
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Figure 6. The phylogenetic tree for five kinds of CLN3 from pig, crab-eating macaque, human, dog
and mouse

Figure 7. The phylogenetic tree for four kinds of NCF1 from pig, bovine, human and mouse

The phylogenetic tree analysis revealed that the porcine NDP and NCF1 have
closer genetic relationships with the bovine NDP and NCF1, while the pig CLN3
has a closer genetic relationship with the human and crab-eating macaque CLN3.
Tissue transcription profile. Tissue transcription profile analysis revealed that,
compared to the expression of pig β-actin gene, pig NDP gene was expressed in
muscle, spleen, brain, lung but not expressed in kidney, liver, backfat and pancreas.
Pig CLN3 and NCF1 genes were generally expressed in brain, kidney, liver, muscle,
backfat, lung, spleen and pancreas (Figure 8).

Figure 8. Tissue transcription profile of pig NDP, CLN3 and NCF1 gene. The β-actin expression is
the internal control
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DISCUSSION
Dickinson et al. (2006) had reported two mutations (Leu103Val, His43Arg)
within the coding region of the NDP gene: one associated with severe disease
phenotypes of Norrie disease and the other with X-linked familial exudative vitreoretinopathy. Similarly, to the CLN3 gene, Zhong et al. (1998) had reported that
a missense mutation of glutamic acid (E) to lysine (K) at position 295 in the human CLN3 protein has been implicated in Juvenile neuronal ceroid lipofuscinosis
(Batten disease). One particular mutation in NCF1, a GT deletion in exon 2 had
been identified to be associated with >97% cases of human chronic granulomatous disease (Roos et al., 2006). Therefore, isolation of the encoding regions of
the porcine NDP, CLN3 and NCF1 genes is utmost important to detect these three
kinds of diseases.
The present study cloned and analysed the cDNA sequence for three porcine
genes whose human homologues are associated with mutation diseases. The data
show that the porcine genes are highly similar to the human genes, making the
pig a potential non-primate model for studying these genes. From the alignment
analyses of the NDP, CLN3 and NCF1 proteins there were no differences found
at the above loci in human, pig, mouse and other mammals detected, but many
more other amino acid differences were found in these three kinds of proteins.
These implied that in the future research of these three genes, we should pay more
attentions to that if these amino acid differences and above reported human mutations would also happen in pig and the potential associations of them with the
pig diseases.
From the phylogenetic tree analysis show that pig NDP, CLN3 and NCF1 genes have much closer relationships with human than mouse. This implies that the
pig will be more suitable as a model animal to study these three kinds of human
mutation diseases. In other words, theoretically, pig is also a kind of susceptive
animal to these diseases.
We also noticed that human and mouse NDP, CLN3 and NCF1 genes had been
found to be expressed in most of tissues (http://www.ncbi.nlm.nih.gov/ UniGene).
From the tissue transcription profile analysis in our experiment it can be seen that
CLN3 and NCF1 genes were generally expressed in most of tissues, but to porcine
NDP gene, there were no expression in some tissues detected. This needs to study
furtherly.
In conclusion, we first isolated the pig NDP, CLN3 and NCF1 genes and performed necessary sequence analysis and tissue transcription profile analysis. This
established the primary foundation for further research on these three pig genes.
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