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ABSTRACT 

The complete coding sequences of a cattle gene - the glucan (1,4-alpha-), branching enzyme 1 
(glycogen branching enzyme), GBE1, was amplifi ed using the reverse transcriptase polymerase 
chain reaction (RT-PCR) based on the conserved coding sequence information of the human, 
mouse and highly homologous cattle ESTs. Sequence analysis revealed that cattle GBE1 has high 
homology with the GBE1 from six species: dog (92%), cat (91%), horse (91%), human (89%), 
mouse (88%) and rat (88%). The phylogenetic tree analysis revealed that the cattle GBE1 has closer 
genetic relationships with the GBE1 of dog and cat. Tissue expression profi le analysis revealed that 
the cattle GBE1 gene was highly expressed in liver, moderately expressed in muscle and fat, weakly 
expressed in kidney, small intestine, large intestine, heart and lung. Our experiment established the 
primary foundation for further research on the cattle GBE1 gene.
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INTRODUCTION

The glucan (1,4-alpha-), branching enzyme 1 (glycogen branching enzyme), 
GBE1, is one important monomeric enzyme functions in glycogen synthesis 
by catalyzing the formation of alpha 1,6-glucosidic linkages. It is most highly 
expressed in liver and muscle. Mutations in the gene coding GBE1 enzyme can 
result in glycogen storage disease IV (Andersen's disease) (Chan et al., 1999; 
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Ziemssen et al., 2000; McCarthy et al., 2003; Bruno et al., 2007; Fyfe et al., 2007). 
Andersen's disease always leaded to the infants death, muscle hypotonia, retarded 
growth, splenomegaly, and progressive hepatomegaly (Gómez-Garre et al., 2007; 
Miyahara et al., 2007). 

Based on above described, GBE1 gene is associated with glycogen synthesis, 
mutation disease of human and animals such as horse (Ward et al., 2003). As same 
as mammalian, this inherited, recessive disease also maybe occur in cattle. If this 
is a fact, it is essential to isolate this gene from cattle for this disease, potentially, 
is related to the cattle production (glycogen synthesis, mutation disease).  If this 
disease was found in cattle, cattle would be another important kind of animal 
model of human to study this disease. Althrough a partial encoding sequence of 
the cattle GBE1 gene had been deposited into the NCBI database (GeneBank 
number: XM_867634), until today, the cattle GBE1 has not been reported yet.

In this study we isolated the coding sequence of cattle GBE1 gene, subsequently 
performed some necessary sequence analyses and  tissue expression profi le 
analysis for this gene. This will establish the primary foundation of understanding 
this cattle gene.

MATERIAL AND METHODS

Samples collection, RNA extraction and fi rst-strand cDNA synthesis

The tissue samples of muscle, heart, liver, fat, kidney, lung, small intestine, 
large intestine, were derived from fi ve adult Yunnan local cattles (all about 3 years 
old, female, healthy, housed in one cote and freely graze). Total RNA extraction 
and first-strand cDNA synthesis for these tissue samples were performed as the 
methods described by Liu et al. (2004). 

Isolation of the cattle GBE1 gene

The RT-PCR was performed to isolate this cattle gene using the pooled 
cDNAs from different tissues mentioned above. The 25 µl reaction system 
was: 2.0 µl cDNA(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 µM forward primer, 2.0 µl 
10 µM reverse primer, 2.0 units of Taq DNA polymerase (1U/1µl), and 9.5 µl 
sterile water. The primers for cattle GBE1 gene isolation was designed based on 
the conserved CDS sequences information from human and mouse GBE1 gene 
(GeneBank numbers: L07956.1 and BC017541 ) and their highly homologous 
cattle EST sequences (GeneBank numbers: EE348093, DV917642, DV775425 and 
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DY458736). The primer sequences and their annealing temperature for RT-PCR 
reaction were described in Table 1. The PCR program initially started with a 94°C 
denaturation for 4 min, followed by 35 cycles of 94°C/1 min, Ta°C/1 min, 72°C/1 
min, then 72°C extension for 10 min, fi nally 4°C to terminate the reaction.

Table 1. Primers for cattle GBE1, G3PDH and annealing temperature
Gene Primer sequence Ta /°C

GBE1 Forward:  5’ - ATGGCGGCTCCGGCAGGT-3’
Reverse:  5’ - TCAGTTGGGCAGGTCCAC-3’ 57

G3PDH Forward:  5’ - ACCACAGTCCATGCCATCAC-3
Reverse:   5’ - AAGAAGGTGGTGAAGCAGG-3 55

This PCR product for cattle GBE1 was then cloned into PMD18-T vector and 
sequenced bidirectionally with the commercial fl uorometric method. At least fi ve 
independent clones was sequenced.

RT-PCR for tissue expression profi le analysis

RT-PCR tissue expression profi le analyses was performed as previously 
described elsewhere (Liu et al., 2007). We selected the cattle housekeeping 
gene G3PDH (glyceraldehyde-3-phosphate dehydrogenase) (Accession number: 
AF077815) as the internal control. The control primers used are presented in 
Table 1. The PCR product is 148 bp in length. The primers of cattle GBE1 gene 
which were used to perform the RT-PCR for tissue expression profi le analysis 
were the same as the primers for isolation RT-PCR above. The PCR reaction was 
optimized for a number of cycles to ensure product intensity within the linear 
phase of amplifi cation. The 25 µl  reaction system was: 2 µl pooled cDNA of each 
tissue (100 ng/µl), 5 pM each oligonucleotide primer, 2.5 µl 2 mM mixed dNTPs, 
2.5 µl 10×Taq DNA polymerase buffer, 2.5 µl  25 mM MgCl2, 1.0 units of Taq 
DNA polymerase, and sterile water to the volume of 25 µl. The PCR program 
initially started with a 94°C denaturation for 4 min, followed by 25 cycles of 
94°C/1 min, Ta °C/1 min, 72°C/1 min, then 72°C extension for 10 min, fi nally 4°C 
to terminate the reaction. 

Sequence analysis

The cDNA sequence prediction was conducted using GenScan software 
(http://gene.mit.edu/GENSCAN.html). The protein prediction and analysis 
were performed using the Conservedd Domain Architecture Retrieval Tool of 
BLAST at the National Center for Biotechnology Information (NCBI) server 
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(http://www.ncbi.nlm.nih.gov/BLAST) and the ClustalW software (http://www.ebi. 
ac.uk/clustalw). 

RESULTS 

cDNA amplifi cation of cattle GBE1 gene. Through RT-PCR with pooled 
tissue cDNAs from muscle, heart, liver, backfat, kidney, lung, small intestine, 
large intestine, for cattle GBE1, the resulting PCR product was 2118 bp in length 
(Figure 1).  

Sequence analysis. The cDNA nucleotide sequence analysis using the BLAST 
software at NCBI server (http://www.ncbi.nlm.nih.gov/BLAST) revealed that this 
gene was not homologous to any of the known cattle gene and it was then deposited 
into the GenBank database (Accession number: EU442575). The sequence prediction 
was carried out using the GenScan software and results showed that the 2118bp cDNA 
sequence represented a single gene which encoded 705 amino acids. The complete 
CDS of this gene and the encoded amino acids was presented in Figure 2.

Further BLAST analysis of this protein revealed that cattle GBE1 has high 
homology with the glucan (1,4-alpha-), branching enzyme 1 (glycogen branching 
enzyme), GBE1, from six species - dog (92%), cat (91%), horse (91%),  human 
(89%),  mouse (88%) and rat (88%) (Figure 3).

Based on the result of the alignment of GBE1 the phylogenetic tree was 
constructed using the ClustalW software (http://www.ebi.ac.uk/clustalw), as 
shown in Figure 4. The phylogenetic tree analysis revealed that the cattle GBE1 
has closer genetic relationship with the GBE1 of dog and cat.

Tissue expression profi le. Tissue expression profi le analysis was carried out 
and results revealed that, compared to G3PDH expression, the cattle GBE1 gene 
was highly expressed in liver, moderately expressed in muscle and fat, weakly 
expressed in kidney, small intestine, large intestine, heart and lung (Figure 5).

Figure 1. RT-PCR result for cattle GBE1. M, DL2000 DNA marker; 1, PCR product for cattle GBE1 
gene
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Figure 2. The complete coding sequence of cattle GBE1 gene and its encoding amino acids
* indicates the stop codon
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Figure 3. The alignment of the proteins encoded by GBE1 genes of cattle and other six species  
(continued on the page 497)
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Figure 3. continued

Figure 4. The phylogenetic tree for seven kinds of GBE1

Figure 5. Tissue expression of cattle GBE1 gene. The G3PDH expression is the internal control
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DISCUSSION
   
Tay et al. (2004) had reported two single deletions (one in exon 10 and another 

in exon 12 ) in the CDS of GBE1 gene were associated with the human Andersen's 
disease. Wagner et al. (2006) also had reported a nonsense mutation in codon 34 
of the GBE1 gene was associated with the horse Andersen's disease. Therefore, 
isolation of the coding regions of the GBE1 gene is utmost important to study this 
kind of disease.

Comparative genomics is the analysis and comparison of genomes from different 
species. Researchers have learned a great deal about the function of human gene 
by examining their counterparts in simpler model organisms such as the mouse 
and some results has revealed that virtually all (99%) of the protein-coding gene 
in humans align with homologues in mouse, and over 80% are clear 1:1 orthologs 
(Hardison et al., 2003). This extensive conservation in protein-coding regions 
implied that this conservation of protein-coding sequences may be expected in 
different mammals including cattle. From the isolation of cattle GBE1 gene, we 
can fi nd that cattle GBE1 is highly homologous with GBE1 of human, mouse and 
other mammals. This further validated that comparative genomics method is one 
useful tool to isolate the unknown gene especially the conserved coding region of 
gene for cattle. 

From the alignment analyses for GBE1 proteins we found that no differences 
were detected at above mentioned loci associated with the glycogen storage dis-
ease IV in human, cattle, mouse and other mammals. This implied that the poly-
morphism of GBE1 gene at above mentioned loci may not depend on species but 
on individuals. These also implied that in the future research of this new gene, we 
should pay more attentions to that if above reported mutations would also happen 
in different cattle individuals and the potential associations of them with the cattle 
glycogen storage disease IV. For only fi ve cattles were studied in this experiment, 
we think, more cattles are needed to study for the further detection.

The phylogenetic tree analysis revealed that the cattle GBE1 has closer genetic 
relationship with the GBE1 of dog and cat. This implied that dog and cat should 
be better animal models to study this gene of cattle than others. 

From the tissue expression profi le analysis in our experiment it can be seen 
that this gene was obviously differentially expressed in some tissues and highly 
expressed in liver, moderately expressed in muscle and fat. These agree to the 
results obtained by Fyfe et al. (2007).
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CONCLUSIONS

In conclusion, we fi rst isolated the cattle GBE1 gene and performed some 
necessary analyses. This established the primary foundation for further research 
on this gene in cattle.
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