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Abstract 
Degenerate primers-based polymerase chain reaction (PCR) are commonly used for 

isolation of unidentified gene sequences in related organisms. For designing the 
degenerate primers, we propose the use of local alignment search method for searching 
the preserved areas to design acceptable primers. To test this method, a WD40 repeat-
containing domain protein from Beauveria bassiana was used as reference sequence to 
find out a group of homologous gene sequences similar to some closely related to 
Verticillium dahliae. The retrieved sequences from Genbank amino acid sequence 
databases were used for designing a degenerate primer pairs. The allignments of the 
selected sequences revealed two highly conserve motif regions of amino acids that 
enabled us to design a degenerate primers. Forward and reverse degenerate primers for 
amplification of the related WD40 repeat-containing domain gene were designed from 
the conserved regions of the coded sequences from some other fungi. By using two 
rounds of Touchdown Semi-Nested RT- PCR, a partial 249 bp PCR products were 
isolated and sequenced. The results showed that the amplified fragment between two 
motifs from V. dahliae  with the reference protein has 66.3% similarities at the amino 
acid level. However, this value when the entire of both sequences were compared is 
81.9%. These data suggested that homologues transcripts encoded to WD40 repeat-
contaning protein can be isolated from V. dahliae using degenerate primers from the 
common motif regions through a local allignment search method.  
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Introduction 
Degenerate primers-based polymerase chain reaction 

(PCR) are commonly used for isolation of unidentified 

gene sequences in related organisms. Generally, the 
more distant those related organsims, the more difficult 
it can be to design primers. The standard techniques for 
designing degenerate primers include several computer-
based programs such as Gene Fisher [1], CODEHOP [2] 
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or PrimaClade [3]. These methods demands a relatively 
high degree of conservation between all the aligned 
sequences in multiple global alignments method. Using 
this kind of algorithms did not reveal obvious preserved 
regions. As a result, degenerate primer designing, was 
not achievable. Alternatively, we suggest the employ of 
local alignment technique to make primers from those 
sequences with low global similarity. On the basis of 
this technique, the multiple local alignments in place of 
the global are performed. This technique was used the 
Multiple Expectation-Maximization for Motif 
Elicitation (MEME) algorithm which was originally 
appropriated to look for preserved patterns in protein 
sequences.  

Many proteins containing the WD40 repeat sequence 
have been identified in all prokaryotes and eukaryotes 
[4]. It was revealed that WD40 gene functions are  
involved in the fiber regulation in cotton [5] and Maize 
[6]. Many WD40 families have shown sex-related 
expression during metamorphosis in the Silkworm, 
Bombyx mori [7]. CDC4, a yeast protein is essential for 
several biological processes at several steps in the cell 
cycle [8], a neurogenic gene product in Drosophila [9], 
PRP4, PRPI7, proteins associated with splicing 
processing in yeast [10], RACK1, a WD40 repeat 
family of proteins of Dictyostelium discoideum [11] and 
also Verticillium dahliae [12], MAKI 1, an crucial yeast 
membrane related protein [13] and expression profiling 
of WD40 genes in foxtail millet were identified [14].  

In this study, a homologues transcripts encoded to N-
terminus part of WD40 repeat-contaning protein is 
isolated from Verticillium dahliae, a soil borne fungus 
causing wilt in many crops [15]. We employed the local 
allignment search method to design degenerate primers 
from the preserved motif areas for the sequences 
associated to this gene.  

 

Materials and Methods 
Sequences obtained from GenBank database 

Sequences associated to the WD40 repeat-containing 
proteins were obtained from the GenBank database, 
after an extensive study related to target genes in several 
fungi species. The assemblies from different species 
included in the family of ascomyces were retrieved, to 
make a database of proteins associated with 
Verticillium. The maximum approved e-value in this 
study was 8e-07; sequence scores less than this value 
were rejected.  
 
RNA isolation and cDNA synthesis 

Total RNAs from fungus were prepared using the 
RNX plus solution (CinnaGen, Iran) based on the 

company’s protocols. The extracted total RNA was 
calculated by absorbance at 260 nm and utilized directly 
or kept at -80°C. Briefly, 12 µl (2 µg each) of fungal 
total RNA was incubated with 0.5 µg of ModT 
(modified oligodT) (5´-GGGTCTAGAGCTCGAGT 
CACTTTTTTTTTTTTTTTTT-3´) primer at 70°C, for 
10 min. The reaction was located on ice before adding 1 
µl RNasin (CinnaGen, Iran), 1 µl dNTP mixture (120 
mM of each nucleotide), 2.5µl of 5 X enzyme buffer 
and 1 µl (200 U) of Moloney Murine Leukemia Virus 
(M-MulV) reverse transcriptase (CinnaGen, Iran). The 
reaction was incubated at 42°C for 1 h before 
inactivation at 70°C. Reverse transcriptase was 
excluded in negative control tubes.  
 
Cloning of the Touchdown Semi-Nested RT-PCR 
products 

Degenerate primers were designed on the basis of 
two highly conserved regions using local alignment 
search method. For locating the forward and reverse 
primers, these two conserved regions should be 
reasonably close together. On the basis of the preserved 
sequences, two degenerate primers were made. Primer 
sequences were: forward primer WD-F (5′-
GCGgaattcAAYYTNGCNGAYGA), related to N-
terminal region of protein (NLADE) and reverse primer 
WD-R (5′-GCGggatccTCNSWNCCRTCRTA), related 
to C-terminal region of protein (YDGSE). (N, R, S, W 
and Y represent A/G/C/T, A/G, G/C, A/T and C/T, 
respectively). To make easy the directional cloning, Eco 
RI and  BamHI were introduced to the 5´ends of the 
forward and reverse primers, respectively [16]. Those 
restriction sites were shown in lower cases and 
underlined. As the cleavage sites were located at the 
ends of the primers, and some restriction endonucleses 
may digest poorly at this situations, some bases (gcg) 
were introduced to the 5´-ends to guarantee cutting the 
amplified fragments. The degenerate primers are 
designed as a pool of all the possible combinations of 
nucleotides that could code for a given amino acid 
sequence. All primers are cautiously analyzed for their 
specifications. Semi-Nested RT-PCR reactions were 
done for cDNA by use of touchdown PCR (TD-PCR) 
conditions. TD-PCR reactions were performed the 
following conditions: 94°C×3 min for one cycle; 94°C × 
30s, 42°C × 50s, 72°C × 1 min for 15 cycles by 
increasing 1°C per cycle; 94°C × 30s, 57°C × 50s, 
72°C× 40s for 20 cycles. PCR products of the first 
round of amplification were used as template for the 
second round of amplification. The PCR conditions for 
second rounds were 30 cycles with denaturation at 94ºC 
(30s), anealing at 57ºC (50s) and extention at 72ºC (40s) 
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with a initial denaturation at 95ºC (3 min) and final 
extention at 72ºC (5 min). PCR reaction was performed 
using cDNA from V. dahlia as template with the mix: 
Tris-HCl 20mM, KCl 50mM, MgCl2 1.4mM, dNTPs 
0.2mM of each, 0.5 U Taq Polimerase, each primer at 
0.4 μM, and 5 μl of cDNA. Analytical agarose gel 
containing 50 ug/ml of safe stain was prepared. PCR 
products were fractionated on 1% agarose gel 
electrophoresis and detected by UV transilluminatore. 
The fragments were inserted into the pET32 plasmid 
(Invitrogen, Hamburg, Germany) and propagated in 
Escherichia coli TOP10. The selected colonies were 
cultured on LB-agar supplemented with 100 g/ml of 
ampicillin. The positive colonies were selected and 
cultured overnight in liquid LBA medium. Plasmid 
DNA was purified using QIA mini prep kit (QIAGEN, 
Hilden, Germany). 
 

Sequencing and DNA analysis 
For sequencing the resulting amplicons, the cloned 

bands were purified using Qiagen miniprep kit and then 
sequenced. Sequences were edited and analyzed using 
BioEdit software. DNA sequences were translated to 
amino acids to facilitate alignment and aligned using 
Clustal_W [17]. In order to search for sequence 
similarity, BLAST program from the NCBI website was 
used (ncbi.nlm.nih.gov). DNA sequences were analyzed 
using the BLASTX program. The translated DNA 
sequences were analyzed using the EXPASY tool 
(ca.expasy.org/tools/dna.html).  

 

Results 
Designing of degenerate primers 

Schematic illustration of the local alignment search 
method used in this study is shown in Figure 1. After 
the literature review, a homologous sequence of WD40 

 
Figure 1. Schematic illustration of the local alignment search method used in this study. 
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domain-containing protein from Beauveria bassiana 
(Bb; XP_008600572) was determined and selected as 
reference sequence. For finding out the homologues 
genes in relative species of V. dahliae, we performed 

HomoloGene program in the NCBI database. The 
reference sequence was used as template for searching 
the NCBI GenBank database by employing BLASTP 
program. By comparing the reference sequence with the 

 
Figure 2. Multiple sequence alignment of WD40 domain containing protein from Beauveria bassiana (Bb) with other fungi 
proteins. The aa sequence of B. bassiana (Bb) was aligned with the hypothetical protein of Colletotrichum gloeosporioides (Cglo; 
XP_007280055), hypothetical protein of Colletotrichum sublineola (Cs; KDN69486), hypothetical protein of Colletotrichum 
graminicola (Cgra; EFQ26146), hypothetical protein of Colletotrichum higginsianum (Ch; CCF37269), hypothetical protein of 
Colletotrichum fioriniae (Cf; XP_007599508), Uncharacterized protein of Scedosporium apiospermum (Sa; KEZ46718), 
predicted protein of Nectria haematococca (Nh; XP_003047540), hypothetical protein of Metarhizium anisopliae (Ma; 
XP_007819849), hypothetical protein of Metarhizium robertsii (Mr; EXV03610), hypothetical protein of Ophiocordyceps 
sinensis (Os; EQK97708), hypothetical protein of Pestalotiopsis fici (Pf; XP_007837810) and hypothetical protein of Neurospora 
tetrasperma (Nt; EGO60803). The aa are represented by one-letter symbols. Shading designates identity (black) or conservative 
substitutions (grey) associated with the target sequence (Bb). Gaps were designated by dashes. Two protein blocks showed in 
boxes. Amino acid of motifs are showed by stars. Primers sites indicated by arrows below the sequence. 
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NCBI database, a total of 12 sequences including, 
hypothetical protein of Colletotrichum gloeosporioides 
(Cglo; XP_007280055), hypothetical protein of 
Colletotrichum sublineola (Cs; KDN69486), 
hypothetical protein of Colletotrichum graminicola 
(Cgra; EFQ26146), hypothetical protein of 
Colletotrichum higginsianum (Ch; CCF37269), 
hypothetical protein of Colletotrichum fioriniae (Cf; 
XP_007599508), Uncharacterized protein of 
Scedosporium apiospermum (Sa; KEZ46718), predicted 
protein of Nectria haematococca (Nh; XP_003047540), 
hypothetical protein of Metarhizium anisopliae (Ma; 
XP_007819849), hypothetical protein of Metarhizium 
robertsii (Mr; EXV03610), hypothetical protein of 
Ophiocordyceps sinensis (Os; EQK97708), hypothetical 
protein of Pestalotiopsis fici (Pf; XP_007837810) and 
hypothetical protein of Neurospora tetrasperma (Nt; 
EGO60803) were retrieved. In Figure 2, at least two 
preserved areas in the alignment part were identified. 
The conserved reagions have at least 5 aa long. In 
addition to this, primers designed based on these 
regions, require to pay attention to several points. This 
includes a sufficient annealing temperature, a proper 
GC-content value, locating non-degenerate bases at the 
end of primers and low degeneracy fold [18]. Based on 
these criteria, the multiple alignments using sequence 
data of reference sequnce shows two blocks of highly 
preserved protein sequences N-L-A-D-E (for forward 
primer) and Y-D-G-S-E (for reverse primer). 
Degenerate primers were chosen from regions of amino 
acid positions around 69-73 for the forward primers and 
around 147-151 for the reverse primers (Fig. 2). The 
next task is to determine the degeneracy fold of each 
primer. Looking at the amino acid code, some amino 
acids are coded for by more triplet codon possibilities 
than others. The degeneracy of a sequence is the number 
of different codon that it corresponded to. Those two 
blocks are translated using IUPAC coding system. The 
fold of degeneracy for each primer is estimated by 
multiplying the degenerate values of different amino 
acids using the IUPAC coding system. The fold of 
degeneracy for both primers was calculated 192. For 
increasing the PCR efficiencies, a sequence tails were 
added to the degenerate primers on the 5' ends. This 
increased the melting point and also faciliatating the 
cloning procedure.  
 
Touchdown Semi-Nested PCR amplification 

Starting with 0.5 g of fungi sample, 4 μg of total 
RNA were extracted and cDNA was synthesized. PCR 
reactions were performed using the cDNA of V. dahliae. 
Originally, we started with 25 ng of the synthesizing 
cDNA as template. A primer pair in the first normal 

PCR was tested first with an annealing temperature of 
58°C. But, the primers demonstrated no positive 
products. It means that all amplified products have low 
expression levels. Since amplification was not observed 
under these conditions, the cDNA concentration was 
elevated. Again, we showed no positive results. When 
more DNA did not improve the results, we decided to 
perform a TD-PCR technique. In order to facilitate 
Touchdown Semi-Nested RT-PCR, cDNA was 
produced using the modified oligo (dT) (Mod-T). This 
technique let us the amplification of the right transcripts 
in a two-round PCR protocol. For performing the first 
round of amplification, ModT-R primer (5 ́-
CCCAGATCTCGAGCTCAGTG) was designed. This 
was complemented to the 5'-end tail of the modified 
oligodT (ModT) primer. The first round of Touchdown 
PCR (TD-PCR) was done by ModT-R and WD-F 
primers and the original cDNA as template. The second 
round of PCR was done by using WD-F and WD-R 
primers and the diluted first PCR (one-tenth) as 
templates (Fig. 3). It has been observed that the TD-

 
Figure 3 Agarose gel electrophoresis (1%) of WD40 
repeat-containing DNA sequences. PCR products from V. 
dahlia. Lane 1 is the first round of Touchdown Semi-
nested RT-PCR amplification products, lane 2 is the 
second round of PCR amplification products and lane M is 
DNA size marker. Each lane was loaded with 8     
total reaction. 
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PCR thermal condition can considerably change the 
achievement rate of degenerate PCR. The TD-PCR 
starts with a low annealing temperature (42°C) for 15 
cycles, followed by 20 cycles at a high annealing 
temperature (57°C). The low annealing situations permit 
the short conserved primer regions to hybridize to their 
complementary strand. After the second cycle of 
amplification, the 5'-ends of each primer integrated into 
the amplified products and will provide as a template 
for following rounds of amplification. By changing to a 
high annealing temperature situations, specificity can be 
increased. However, multiple bands were obtained at 
the first round of PCR. PCR products of the second 
round of PCR were utilized for cloning and sequencing. 
Sequence comparison was done with GenBank database 
using the BLAST program from NCBI Genbank. The 
primers designed were amplified the putative WD40 
repeat gene fragment of 249 bp from the cDNA 
template in the second round of PCR. This is in 
concordance with the expected amplicons predicted by 
manual calculation. It is interesting to note that the first 
round of amplification gave multiple bands (almost 
obtained smear products with no more than 0.3Kb in 
size). However, in the second round of amplification a 
major band of 249 bp was observed (Fig. 2). The PCR 
products were cloned into a vector and then constructs 
were transformed into Escherichia coli Top-10F´. For 
screening the transformed cells, the blue/white bacterial 
colony method was performed and right DNA clones 
were purified from the positive bacterial colonies. Clone 
analysis by PCR was done to confirm the positive 
transformants.  
 
Comparison of amino acid sequences 

Three clones containing product inserts of 249 bp 
were sequenced after plasmid DNA extraction. After 
deleting of 5' and 3' vector sequence, multiple 
alignments were done. The sequence data from all three 
selected clones were exactly the same. The cDNA 
sequence was obtained and translated into all possible 
amino acid sequences and used in BLASX searches. 
Comparisons between the amplified sequence with the 
database showed 99% amino acid identity with 
sequence from V. dahliae  (EGY23143). When this 

sequence from V. dahlia was compared with the exact 
countepart region of the reference sequence (Beauveria 
bassiana ; XP_008600572), the translated sequence 
between two conserved motifs shared 52.3 identity and 
66.3% similarities at the amino acid level. However, 
more homology with the comparison of the entire two 
sequences were found with 60.8 % identities and 81.9% 
similarities.  

 

Discussion 
By synthesizing the degenerate primers, the 

preserved sequence genes from the related organisms 
can be isolated. This let us to identify unknown 
sequences and novel members of gene families. 
Therefore, applying this technique can be used for 
sequences those have very few known homologues. It 
also can be used for many of the reported transcripts 
with unknown molecular functions. To do this, we 
designed degenerate primers from several known 
sequences associated with WD40 domain in different 
fungi species, for obtaining their related target genes in 
the genus Verticillium.  

Creating primers for degenerate PCR needs 
following several stages. Firstly, the homologous 
sequences for which degenerate primers are to be 
created are retrieved from Genbank database. Secondly, 
a group of homologous Wd40 repeat-containing 
proteins is to calculate a sequence local alignment of the 
genes at the protein level. A multiple alignment 
algorithm was performed for a cluster of less preserved 
homologous gene sequences associated with WD40 
repeat-containing gene. Primers created using these 
conserved sections are analyzed for several possessions. 
These contain GC content, melting point and self 
complementaritly. As a final stage, those primers that 
have all the specifications are selected to amplify the 
related sequences.  

Careful design of a TD-PCR technique was an 
essential factor for successful amplification using 
degenerate primers. In this technique, the temperature 
selected for the annealing step is initially set 5°C lower 
than the calculated melting point of the primers. 
Annealing under conditions of low stringency allows 
the formation of more primer-template hybrids. In 

 
Figure 4. Alignments of the translated sequences between two conserved motifs from B. bassiana (Bb) with V. dahlae (Vd). Gaps 
were designated by dashes. Double dots represent identities and single dots represent conservative substitutions between B. 
bassiana and V. dahliae sequences. 

 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?name=Verticillium+dahliae
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subsequent cycles, the annealing temperature is 
gradually increased by a small amount so that by the 
end of the PCR, the annealing temperature is 5°C above 
the calculated melting point of the primers. This is 
favors the formation of perfect primer-template hybrids 
[19].  

We made efforts to design degenerate primer from a 
group of homolog sequences using local multiple search 
methos to find out two block regions of the highly 
conserved sequences. Despite of having low sequence 
similarity outside those two conserved blocks, the 
sequences between two primers were succesfully 
amplified. 
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