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A gene encoding a glyceraldehyde-3-phosphate dehydrogenase (GPD) gene was isolated from Cordyceps militaris 
using degenerate PCR and Thermal Asymmetric Interlaced PCR (TAIL -PCR) technology. Analysis of 4493 bp 
segments (Cmgpd) revealed the cloned gene contains a 2515 bp 5’ upstream region, a 1296 bp coding region and a 
682 bp 3’ downstream region. The coding region contains a 279 bp intron. After cutting the intron, the open reading 
frame (ORF) with 1017 bp encodes a polypeptide of 338 amino acid residues. The deduced amino acid sequence 
indicates a proprotein with a molecular weight of 36.18 kDa. There are one TATA box and two possible CAAT boxes 
lying in the 5’ upstream region. The deduced amino acid sequence of C. militaris GPD shared different homology 
(ranging from 77-94%) with gpd genes from yeast and filamentous fungi species, such as Beauveria bassiana, 
Gibberella zeae, Myrothecium gramineum. The cloning of the gene not only provides a basis for the further 
investigation of its structure, expression and regulation mechanism, but also the upstream promoter of Cmgpd has 
the potential use for directing high and constitutive expression of homologous and heterologous genes. 
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INTRODUCTION 

 
Glyceraldehyde- 3-phosphate dehydrogenase (GPD, E.C. 
1.2.1.12) is one of the key enzymes in the Embden Me-
yerhof Parnas or glocolysis pathway. It catalyzes phos-
phorylation of glyceraldehyde-3-phosphate to pro-duce 1, 
3-diphosphoglycerate. GPD is a tetrameric enzyme com-
posed of four identical subunits. It is an essential enzyme 
used to maintain life activities through contributing in this 
way to the formation of ATP and providing additional 
energy to the cell by reducing NADH to NAD+ and H+ 
upon its action. Moreover, GPD protein also has many 
other important functions, such as abiotic stress tolerance 
(Liu and Yang, 2005). Because of its critical function in 
every living cell, its expression in Saccharomyces cere-
visiae, Aspergillus nidulans and other eukaryotic orga-
nisms is very high representing up to 5% soluble cellular 
proteins (Punt et al., 1990; Piechaczyk et al., 1984) and  
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its mRNA in yeast also accounts for 2- 5% total mRNA 
(Holland et al., 1978). The abundance of GPD protein or 
mRNA suggests that the gpd gene is regulated by a con-
stitutively and highly active promoter. It has been proved 
by the fact that the expression of heterologous genes in 
S. cerevisiae (Bitter and Egan, 1984), Pichia pastoris 
(Döring et al., 1998), Lentinula edodes (Hirano et al., 
2000), Mucor circinelloides (Wolff and Arnau, 2002) and 
Flammulina velutipes (Kuo et al., 2004) are successfully 
directed by their native gpd gene promoters.  

The medicinal mushroom Cordyceps militaris belongs 

to vegetable wasps and plant worms and is used as a to-

nic food and herbal medicine. It is a species of family 
Cordycipitaceae in order Hypocreales of class Sordario-

mycetes. C. militaris is a model fungus in genus 
Cordyceps and can be used to replace Cordyceps sinensis 

(Zhou et al., 2009). Cordycepin (3’-deoxyadenosine) and 

Cordyceps polysaccharides are pharmacologically active 

constituents in both C. militaris and C. sinensis. They play 

an important role in counteracting tumors, preventing kid-ney 

and liver diseases, soothing the lung, staunching 



 
 

 
Table 1. Primers used in the process of TAIL-PCR.  

 
 Feature  Primer name  Sequences direction (5’-3’) 

 

   AD1  NTCGASTWTSGWGTT 
 

   AD2  NGTCGASWGANAWGAA 
 

 
Arbitrary degenerate (AD) primers 

 AD3  TGWGNAGWANCASAGA 
 

  

AD4 
 

AGWGNAGWANCAWAGG 
 

    
 

   AD5  STTGNTASTNCTNTGC 
 

   AD6  WGTGNAGWANCANAGA 
 

 
Nested specific primers used in the 

 SP1-L1  AACACCGTGGGAGGAGTCATA 
 

  
SP2-L1 

 
TGACGAGTGTTCGCCTTTGG  

 
first upstream TAIL-PCR   

 

  

SP3-L1 
 

AAACTCACGGCGTACTTGACC 
 

    
 

 
Nested specific primers used in the 

 SP1-L2  CGTGGTAGATGGTCAAGAAGCAA 
 

  
SP2-L2 

 
TGTGGGACGGATGGAAAACT  

 
second upstream TAIL-PCR   

 

  

SP3-L2 
 

GAGGGGTGGGCAAATGGTTT 
 

    
 

 
Nested specific primers used in the 

 SP1-L3  AAACTTTGACCACCCGCTATG 
 

  
SP2-L3 

 
CACGGCGGAACTACCAGAATA  

 
third upstream TAIL-PCR   

 

  

SP3-L3 
 

CACGACAAGGCTCCCATCCA 
 

    
 

 
Nested specific primers used in the 

 SP1-R1  TGCTCAAGTATGACTCCTCCCA 
 

  
SP2-R1 

 
CTCCCACGGTGTTTTCAAGG  

 
first downstream TAIL-PCR   

 

  

SP3-R1 
 

TCAACGGCAAGAAGATTCGC 
 

    
 

 
Nested specific primers used in the 

 SP1-R2  CCACTCCTACACTGCTACCCAG 
 

  
SP2-R2 

 
ATGTCCATGCGTGTCCCTACC  

 
second downstream TAIL-PCR   

 

  

SP3-R2 
 

TCAAGGAGGCTGCTGAGGGC 
 

    
 

 
 
bleeding and dispersing phlegm (Zhou et al., 2009),but 
the molecular mechanism of their pharmacological active-
ties is not fully understood. For better analysis, the syn-
thesis pathway of cordycepin and Cordyceps polysaccha-
rides and genetically modifying the Cordyceps species to 
improve the production of these active components, sta-
ble and highly effective transformation system is required 
in modern fungal research. Here, we reported the cloning 
and sequencing the C. militaris gpd gene (Cmgpd). Cod-
ing region and 5’- and 3’-flanking sequence of Cmgpd 
were systematically analyzed by bioinformatics method. 
This study established a basis for clarifying the structure 
of C. militaris GPD protein at the molecular level, and 
could provide a potential promoter element to a highly ef-
fective transformation vector in future. 

 
MATERIALS AND METHODS 

Microorganisms and culture conditions 
 
A strain of C. militaris was provided by Heilongjiang Xinyisheng 
Pharma-ceutical Co., Ltd. Escherichia coli DH5 was kept in our 
laboratory. C. militaris was incubated in Potato/Dextrose liquid medium 
5 d at 27 and 128 rpm for DNA and total RNA isolation, and stored in 
PDA slants at 4 . E. coli DH5 was cultured in Luria-Bertani (LB) medium. 
Liquid E. coli DH5 cultures were incubated at 37 and 200 rpm. 

 
Genomic DNA isolation, degenerate PCR and TAIL-PCR 
 
Genomic DNA was prepared from C. militaris mycelium (7 d postino-
culation) using a CTAB method as previously described (Zhou et al., al, 

2008). Based on the amino acid sequences of the conserved regions of 
fungi GPD protein in order Hypocreales published in NCBI, two dege- 

 
 
nerate primers, gpd-F (5’-ATCAACGGNTTCGGNCGN ATTGG-3’) and 
gpd-R (5’-CATNACGTACATGGGNGCATC-3’) were designed. Dege-
nerate PCR was done using these primers and C. militaris genomic 
DNA as template. After that, a core fragment of C. militaris gpd gene 
was obtained. PCR amplification was carried out with an initial denatu-
ration of 94 for 5 min, a 30 cycle of 94 for 30 s/45 for 30 s/72 for 1 min, 
and a final elongation of 72 for 10 min.  

Flanking sequences of this core fragment of C. militaris gpd gene 
were amplified by using Thermal Asymmetric interlaced PCR (TAIL-
PCR) technique. All nested specific primers designed based on the ob-
tained nucleotide sequences, and arbitrary degenerate (AD) primers se-
lected from previous literatures (Liu and Whittier, 1995; Liu et al., 1995; 
Tsugeki et al., 1996) are listed in Table 1. Thermal conditions for TAIL-
PCR were modified and a tertiary round TAIL-PCR was added to de-
crease the amount of contaminating nonspecific products (Table 2). 
TAIL-PCR reaction mixture in every round TAIL-PCR was described 
pre-viously (Liu and Whittier, 1995). 

 
RNA isolation and RT-PCR 
 
Total RNA of C. militaris was extracted from mycelium (5 d postinocu-
lation) with RNAprep pure Plant Kit (TIANGEN). Total RNA of C. 
militaris was used for first strand cDNA synthesis with M-MLV RTase 
cDNA Syn-thesis Kit (TaKaRa). The synthesized cDNA was used 
directly as tem-plate for PCR using degenerate primers (gpd-F /gpd-R) 
and thermal condition that was the same as above where genomic DNA 
was used as template. 

 
Cloning and sequencing of PCR products 
 
For analysis of PCR products, each reaction was subjected to 1% 
agarose gel electrophoresis in TAE buffer. Target bands were cut from 
agarose gel and purified by EZ-10 Spin Column DNA Gel Extraction Kit 
(TIANGEN). Target products were ligated into the pMD18-T vector 
(TaKaRa). Then, plasmid DNA was transformed into E. coli DH5 by heat 
shock method. Colony PCR was used to validate positive clones which 
were subsequently sequenced by Invitrogen (Shanghai). Seq- 



 
 

 
Table 2. TAIL-PCR programs.  

 
Reaction  Cycle no.  Reaction thermal and time condition 

 

 1  94C 3min     
 

 5  94C 30s  62C 1min  72C 2.5min 
 

    

94C 30s 

 25C 3min  72C 2.5min 
 

Primary round 
2   (0.4C /s  (0.3C /s 

 

     
ramp) 

 
ramp)  

TAIL-PCR 
      

 

   

94C 10s 
 

68C 1min 
 

72C 2.5min 
 

      
 

 15  94C 10s  68C 1min  72C 2.5min 
 

    94C 10s  44C 1min  72C 2.5min 
 

 1  72C 5min  4C hold   
 

 1  94C 3min     
 

 5  94C 10s  64C 1min  72C 2.5min 
 

Secondary round    94C 10s  64C 1min  72C 2.5min 
 

TAIL-PCR 15  94C 10s  64C 1min  72C 2.5min 
 

    94C 10s  44C 1min  72C 2.5min 
 

 1  72C 5min  4C hold   
 

 1  94C 3min     
 

Tertiary round 
   94C 10s  60C 1min  72C 2.5min 

 

20 
 

94C 10s 
 

60C 1min 
 

72C 2.5min 
 

TAIL-PCR    
 

   

94C 10s 
 

44C 1min 
 

72C 2.5min 
 

      
 

  1  72C 5min  4C hold   
 

 

 
Sequence comparisons to database were performed using BLAST pro-

gram (National Center for Biotechnology Information). 

 

RESULTS 
 
Cmgpd cloning 
 
Using degenerate primers gpd-F/gpd-R designed based 
on the conserved regions of GPD proteins in order Hypo-
creales, PCR was done with C. militaris genomic DNA as 
template, and then a fragment of approximately 650 bp 
was obtained and contributed as shown in Figure 1. Thro-
ugh sequencing and subsequent blasting against the 
NCBI database, deduce amino acid sequence of this 657 
bp fragment which is interrupted by a 279 bp predicted in-
tron shows a high amino acid identity with Beauveria bas-
siana GPD protein (AAT80324) and Hypocrea jecorina 
GPD protein (ABK33667). It suggests that this 657 bp 
fragment is a part of coding region in C. militaris homolog 
of gpd gene.  

Based on this core fragment of C. militaris gpd gene, 
three times upstream and two times downstream TAIL-
PCR was used to amplify the whole genomic sequence of 
C. militaris gpd gene. Figure 2 shows an example of 
TAIL-PCR technique. High amounts of type II nonspecific 
products primed by the AD primer alone were visible in 
the primary TAIL-PCR while disappeared in the second-
dary TAIL-PCR (Figure 2 indicated by 250 bp band in 
Lane 16). Some type 3 nonspecific products primed by 
the nested specific primer alone could appear  
in the se-condary TAIL-PCR, but could not be observed 

in the tertiary TAIL-PCR (Figure 2 indicated by 2200 bp 

 
 

band in Lane 17). Only type 1 specific target products 
primed by nested specific primer and AD primer together, 
which was corroborated through a decrease in product 
size accord-ing to the position of the nested specific 
primers, still ap-peared in the tertiary TAIL-PCR. Because 
the lengths of multiple bands observed in the tertiary 
TAIL-PCR pro-ducts are ascribed to the annealing 
position of AD pri-mers in Cmgpd, we just should select 
the longest product in the tertiary round TAIL-PCR for 
sequencing (Figure 2 indicated by 1470 bp band in lane 
12). Flanking sequen-ces of 571 bp, 803 bp and 1407 bp 
at 5’ end were res-pectively obtained after three times of 
TAIL-PCR. And flanking sequences of 702 bp and 991 bp 
at 3’ end were  
respectively obtained after two times of TAIL-PCR. After 
assembly of all flanking sequences obtained from TAIL-
PCR and the core fragment obtained from degenerate 
PCR, a genomic fragment of 4493 bp in size was obtain-
ed. BLAST showed that this fragment contains a full ge-
nomic gpd gene which is designated Cmgpd (Cordyceps 
militaris glyceraldehyde-3-phosphate dehydrogenase, 
GenBank Accession No. FJ374269). 
 

 

Characterization of C. militaris gpd gene 

 

Through sequence analysis, it was deduced that Cmgpd 

contains a 1296 bp coding region interrupted by a 279 bp 
intron. (Figure 3) The deduced GPD protein of 338 amino 
acids has a calculated size of 36.18 kDa and an esti-
mated IP value of 6.52. It has been reported that there 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. The third TAIL-PCR for 5’-flanking sequence of Cmgpd. 

 
M: DNA Marker (DL 2000 marker); Lanes 1, 4, 7, 10, 13, 16: the primary round TAIL-PCR with specific 
primer SP1-L3 and one AD primer (AD1-AD6, respectively); Lanes 2, 5, 8, 11, 14, 17: the secondary round 

TAIL-PCR with specific primer SP2-L3 and one AD primer (AD1-AD6, respectively); Lanes 3, 6, 9, 12, 15, 
18: the tertiary round TAIL-PCR with specific primer SP3-L3 and one AD primer (AD1-AD6, respectively). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. PCR and RT-PCR products using same degenerate primers.   
M: DNA Marker (DL 2000 marker); 1: PCR products using C. militaris 
genomic DNA as template and degenerate primers gpd-F/gpd-R; 2: RT-
PCR products using C. militaris cDNA as template and degenerate pri-

mers gpd-F/gpd-R. 

 
 
 
there are 9, 9, 6, 5 and 1 introns in Basidiomycetes, 
Agaricus bisporus gpd1 and 2, Phanerochaete chryso-
sporium gpd , Schizophyllum commune gpd, and Ustilago 
maydis gpd respectively; in Ascomycetes, A. nidulans, 
Curvularia lunata and Cryphonectria parasitica gpd genes 
contained 6, 4 and 2 introns, respectively. The predicted 
intron in Cmgpd is just at the position where only one 
intron is conserved both in basidiomycetes and ascomy-
cetes (Harmsen et al., 1992). The predicted C. militaris 
GPD protein shows high similarities with predicted GPD 
amino acid sequences of B. bassiana (AAT80324), Gib-
berella zeae (XP386433), Myrothecium gramineum 
(ABQ42571) and A. nidulans (AAA33307) (94, 88, 86 and 
77%, respectively).  

It is well known that all GPD enzymes contain a 

consensus substrate binding region: 

 
 

 

[ASV]-S-C-[NT]-T-{S}-x-[LIM]. The cysteine in this region 
is essential for the enzymatic activity since it functions as 
the binding site in the catalytic region. This pattern is also 
in the C. militaris GPD protein as ASCTTNCL. Another 
conserved catalytic histidine is found at position 179; 
conserved lysine and arginine phosphate-binding 
residues occur at position 194 and 234, respectively (Van 
and Yoder, 1992) (Figure 3). 

 

Sequence analysis of Cmgpd 5’ and 3’-flanking 

sequences 
 
A fragment with 2515 bp upstream of the Cmgpd ATG 
start codon was recognized as the original Cmgpd pro-
moter region. Analysis of transcription start sites using 
Neural Network Promoter Prediction (http://promotor.bio-
sino.org/) found a core promoter sequence: agccacccag-
gactacaaaacc atttgcccacccctcctcTtcgccgtgc (score=0.15). 
The Box letter T shows the site of transcription start. 
Through PlantCARE analysis, one TATA box (TACAAAA) 
was found in the 5’-flanking region, while two deduced 
CAAT boxes (CCAAT) found were 1483 and 1732 bp up-
stream of the Cmgpd ATG start codon, respectively. 
Some typical conserved elements such as the gpd box 
(897 bp upstream of the ATG) and C+T-rich regions (313 
bp upstream of the ATG) were found in Cmgpd while 
compared with promoter regions of gpd genes in Aspergi-
llus and Neurospora. (Figure 3) It suggested that the 
Cmgpd promoter region contains some cis-acting tran-
script elements. The gpd box was an essential element in 
regulating the transcription of gpdA in A. nidulans, herein, 
when deletion of gpd box resulted in a 50% decrease of 
activity. Moreover, C+T-rich regions were possibly 
involved in the accurate starting of transcription (Punt et 
al., 1990). There also exist some regions of direct-or 
inverted-repeat sequence in the Cmgpd promoter, which 
are the same as those found in A. nidulans PgpdA. The 
intron/exon borders in C. militaris gpd gene 
(GTAAGT::CAG) and the splicing signal (GCTAAC, 20 bp 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Sequence analysis of glyceraldehydes-3-phosphate dehydrogenase gene (CmGpd) and its promoter. Nucleotides are represented in lowercase letters 

(noncoding) or by capital letters (coding), and amino acid sequences are indicated by bold capital letters. The gpd box is indicated by italic bold lowercase letters and 
the C+T-rich region is represented in italic shaded lowercase letters. Introns are indicated by italic underlined lowercase letters. Inverted-repeat sequences are 
indicated by pairs of identical italic lowercase letters above underlined lowercase letters (a-e). Direct-repeat sequences are indicated by pairs of identical capital letters 
above underlined lowercase letters (A-E). Consensus amino acid sequences are represented by bold capital letters in boxes. Sequences important for mRNA 3’-end 
processing are represented by lowercase letters in boxes 



 
 

 

upstream of the 3’ splice junction) share virtually 
homology with corresponding sequences of introns from 
B. bassiana Bbgpd (Liao et al., 2008), Cochliobolus he-
terostrophus gpd1 (Van and Yoder, 1992) and other fila-
mentous fungi (Ballance, 1986). Based on the above fea-
tures, a putative intron found was 167 bp upstream of the 
Cmgpd ATG start codon, the same as the introns found in 
the 5’-untranslated regions of A. nidulans gpdA and B. 
bassinana Bbgpd. However, other consensus elements 
such as a psk box, a qut box and a qa box in the A. nidu-
lans gpdA promoter (Punt et al., 1990) were not found in 
the Cmgpd promoter (Figure 3).  

Inspection of the Cmgpd 3’-flanking sequence revealed 
no consensus polyadenylation signals (TATATA) down-
stream of the stop codon TAG. Graber (1999) classified 
signal elements in mRNA 3’-end processing into four clu-
sters based on their positions (relative to the 3’-end clea-
vage site) and putative functions (corresponding to 
mRNA 3’-end processing in yeast) (Graber et al., 1999). 
They were called type 1 (efficiency), type 2 (positioning), 
type 3 (pre-cleavage) and type 4 (downstream), and po-
tential cleavage sites were inside the position of the type 
3 clusters. In Cmgpd 3’-flanking region, type 2 (AAAATA, 
AAGAAA, AATATA, AAAAAT), type 3 (TTTCTT), type 4 
(TTTCAT, TTTTTC), type 2 (ATGTAT), and type 3 
(AAAAAA, AAATAA, AATAAA) of clusters is located suc-
cessively, which suggests that two potential 3’-end clea-
vage sites could exist corresponding to two type 3 clu-
sters (Figure 3). 

 

Analysis of intron in C. militaris gpd gene 
 
To analyze the C. militaris gpd gene expression and con-
firm the presence of the only intron in Cmgpd, RT-PCR 
was done using the synthesized cDNA of C. militaris as 

template and the degenerate primers gpd-F/gpd-R. This 
primer pair borders a 657 bp region in the genomic DNA, 
encompassing the predicted intron. Thus, the corres-
ponding mRNA fragment should be 378 bp long and a 
fragment with the expected size was detected (Figure 1). 
After sequencing, comparison of the sequence of this 
fragment with the relevant region in Cmgpd confirmed the 
predicted position and length of the intron. Moreover, 
these results suggested that C. militaris gpd gene en-

codes a functional protein and is constitutively expressed 
in C. militaris. 

 

DISCUSSION 
 
Thermal asymmetric interlaced PCR (TAIL-PCR) was first 
reported by Liu and Whittier (1995) and they used this 
technique to isolate and sequence the insert end seg-
ments from P1 and YAC clones (Liu and Whittier, 1995). 
TAIL-PCR has been proven to be an efficient and sensi-
tive method to isolate DNA segments flanking known se-
quences and isolate genes by positional cloning. Com-
pared to other methods, like early inverse PCR and re-

cently reported DW-ACP
TM

 (DNA walking-annealing con- 

  
  

 
 

trol primer 
TM

) method, TAIL-PCR has a number of ad-

vantages that facilitate and expedite the procedure of re-
trieving sequences flanking unknown sequence. For ex-
ample, no laborious DNA manipulations, such as re-stric-
tion cutting or adaptor ligation, are required prior to TAIL-
PCR. Since its invention, TAIL-PCR has been wide-ly 
used (Liu and Huang, 1998; Terauchi and Kahl, 2000; 
Michiels et al., 2003; Imaizumi et al., 2005). In our study, 
tertiary round TAIL-PCR was added to increase the abun-
dance of specific products and decrease the nonspecific 
produces, and therefore no nonspecific products were 
found after sequencing.  

Transformation is an essential part in modern fungal re-
search and is of great importance in genetic modification 
of diverse fungal species used in technology (Ruiz-Diez, 
2002). In the flanking sequence of functional gene in eu-
karyote, there exist many important transcription and ex-
pression regulation factors. It is necessary to detect the 
unknown flanking sequences which are very important in 
the gene research of transcription regulation mechanism. 
Especially in the research of transgenic organisms, the 
flanking sequence of the insertion site of target gene 
plays an important role in the normal gene transcription 
and expression. Generally, strong promoters are required 
to construct the compact expression cassettes or vectors 
for transformation. Because little is known about the criti-
cal parts of fungal promoters till today, a strong homolo-
gous promoter is usually searched for when developing a 
new transformation system. The glyceraldehyde-3-phos-
phate dehydrogenase (GPD) promoter is always taken as 
an ideal candidate in fungi. Although the construction of 
expression vectors using heterologous gpd gene pro-
moter is very common, the expression directed by hetero-
logous gpd gene promoters was unsuccessful or low effi-
cient in some species (Casselton and De La Fuente 
Herce, 1989; Mooibroek et al., 1990) . Scientists hope 
that through utilizing internal promoter, gene in the vector 
would be highly expressed in the receptor.  

Using TAIL-PCR technique and degenerate PCR, we 

cloned a 4493 fragment (Cmgpd) including C. militaris gpd 

gene. The deduced C. militaris GPD protein shows a 94% 

homology with B. bassiana predicted GPD protein. C. mili-

taris and B. bassiana are both entomopathogenic fungi 

which share many conserved elements in the 5’-flanking re-

gion of their gpd genes, such as gpd boxs, C+T-rich regions, 

some regions of direct- or inverted- re-peat sequences and 

introns in the 5’-untranslated region, with gpd gene promo-

ters in Aspergillus fungi. It means that a similar regulatory 

mechanism of gpd gene might be shared between ento-

mopathogenic fungi (Liao et al., 2008) and Aspergillus fungi. 

In C. militaris gpd gene, 40 out of 61 possible sen-se codons 

are used and a pyri-midine is chosen in 95.26% of the cases 

when a choice between a purine and a pyrimidine is allowed 

in the third position of co-dons. Highly expressed genes 

generally show a more marked codon bias than genes 

expressed at low levels. This codon usage bias of C. 

militaris GPD protein is simi-lar to that found for highly 

expressed genes in filament-tous fungi (Punt et al., 1988; 

Kinnaird and Fincham, 



 
 
 

 

1983), but is clearly different from that in highly express-
ed genes of S.cerevisiae (Bennetzen and Hall, 1982). 

In contrast to A. nidulans gpdA promoter, B. bassiana 
PBbgpd can drive target genes with a higher expression 
level and relatively shorter sequence in B. bassiana 
transgenic research (Liao et al., 2008). Thus, C. militaris 
potential gpd promoter could be a strong and constitutive-
ly expressed promoter and can be used in the construc-
tion of transformation vectors in C. militaris. In future, with 
the advent of high yield and high quality transformed C. 
militaris, C. sinensis, which is now confronted with resou-
rce starvation and population crisis, would be substituted 
by “C. militaris”. 
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