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INTRODUCTION 

 

 

WD repeats are a conserved sequence motif 

that usually ending with Trp-Asp (WD) [1]. WD 

proteins are known to have 4–16 repeats [2], a 

WD repeats is comprised of about 40 to 60 

amino acids and typically contains a glycine-

histidine (GH) dipeptide 11 to 24 residues at its 

N-terminus and a tryptophan-aspartic acid 

(WD) dipeptide at C-terminus [3]. The WD-

repeat-containing proteins are interesting 

group proteins that participate in many 

different regulatory processes [4].  Proteins 

containing WD repeats are found in all 

eukaryotes and have been implicated in a wide 

variety of critical functions, including signal 
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ABSTRACT 

The WD-repeat proteins are found in eukaryotes and play an important role in the regulation of a 

wide variety of cellular functions including signal transduction, pre-mRNA processing and cytoskeleton 

assembly. In this study, a cDNA encoding a WD repeat-containing protein 13 (GbWDR13) was cloned 

by PCR from Ginkgo biloba. The length of GbWDR13 gene is 1500 bp, encoding 496 amino acids. The 

predicted amino acid sequence of GbWDR13 containing a WD40 domain display extensive homology 

to WD-repeat amino acids from other plants including Vitis vinifera, Solanum lycopersicum, Phoenix 

dactylifera and Cicer arietinum. Phylogenetic analysis showed that the GbWDR13 has a closer 

relationship with WDR13 from Gymnosperms than from other plants, suggesting it may be from the 

same ancestor as WD-repeat proteins from other gymnosperms. The isolation and sequence analysis 

of GbWDR13 gene provided a foundation for further studying the function of WD-repeat proteins in 

plants.  
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transduction, transcriptional activation or 

repression, RNA processing and cell division 

[5,6]. Within the cell, WDR proteins have been 

found to be components of the cytoplasm or 

nucleoplasm, linked to the cytoskeleton, or 

associated with membranes through binding to 

membrane proteins or through membrane-

interacting, ancillary domains [7]. Most WD-

repeat domains are essential for protein-

protein interactions [8,9], but lack a DNA 

binding domain. Many WD proteins of different 

functions have been identified from a series of 

species such as human, mouse, D. 

melanogaster, A. thaliana, S. cerevisiae and C. 

elegans [4,5,10]. WD repeat was first identified 

in the  β-subunit of heterotrimeric G protein, Gβ 

that transduces signals from transmembrane 

receptors to a variety of second messenger 

generating effectors [11,12]. In plants, G 

proteins have been demonstrated to participate 

in signal transduction pathways [13]. Plants 

appear to possess only single α-and β-subunits 

of heterotrimeric G proteins, which is in 

contrast to other eukaryotic organisms [14], 

suggesting that plants may need to exert 

specificity control at a different level than by 

having numerous α-and β-subunits involved in 

different signalling pathways [15]. 

WDR13 is a member of the WD repeats protein 

family and it expresses in various tissues, being 

abundant in the brain, pancreas, testis and 

ovary [12,16]. WDR13 protein is highly 

conserved in vertebrates and localizes to the 

nucleus [12]. This gene is present on X-

chromosome in human, and X chromosomal 

deletions including this gene has been 

associated with mental retardation, obesity and 

xeroderma [17-19]. Wdr13-knockout mice have 

increased pancreatic beta cell proliferation, 

which leads to increased islet mass, 

hyperinsulinaemia and better glucose clearance 

at a early age [19,20]. The WDR13 proteins 

possibly have function in regulation of cell 

cycle. So far, WDR13 gene in plants has not 

already been reported. In the present study, we 

report the isolation and analyze of the full-

length Ginkgo biloba WDR13 cDNA, which 

encodes a novel member of the WD-repeat 

family of proteins. Significantly high levels of 

sequence similarities across the species testifies 

evolutionary functional significance of this 

gene. This study laid the foundation for 

transgenic and functional research of GbWDR13 

gene. 

 

Material and methods 

Plant material 

18-year-old grafts of G. biloba were grown in 

the Botanical Garden of Yangtze University, in 

China. The leaves were collected, immediately 

frozen in liquid nitrogen, and kept at -80°C prior 

to DNA and RNA extraction. 

 

Isolation and sequencing of GbWDR13 

For the isolation of GbWDR13, total RNA was 

prepared from ginkgo leaves using the CTAB 

method [21]. The quality and concentration of 

the RNA were determined by agarose gel 

electrophoresis and spectrophotometer 

analysis. A pair of specific primers WDR13F (5’-

AATGTAAGGATGGAAGATCAGATGAAA-3’) and 

WDR13R (5’- TTATCCCTCCATTTTTGCACGTTTC-

3’) were designed with Primer Premier 5.0 

software on the basis of EST sequence of WDR 

gene, and were synthesized by Shanghai 

Sangon Biotechnology company (In China) . 

One-step reverse transcription PCR (RT-PCR) 

was performed using the PrimeScript™ One-

step RT-PCR kit (Dalian TaKaRa, China). The PCR 

reaction system was 50 μL, and 

operational procedure was as following 

conditions: 50 °C for 30 min and 94 °C for 2 min, 

followed by 30 cycles of amplification at 94 °C 

for 1 min, 59 °C for 1 min, and 72 °C for 1 min; 

followed by an extension for 10 min at 72 °C. 

The amplified DNA was cloned into the pMD18-

T cloning vector(Dalian TaKaRa, China) 

according to the manufacturer’s instructions, E. 

coli TOP10 was used as a host cell. M13 forward 

and reverse universal primers were used to 
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determine the sequence of the cloned DNA 

fragments, and the positive clones were 

sequenced by Shanghai Sangon Biotechnology 

company. 

 

Sequence analysis of GbWDR13 gene and the 

deduced GbWDR13 protein 

The amino acid and cDNA sequences of 

GbWDR13 was analyzed by using online 

bioinformatics tools 

(http://www.ncbi.nlm.nih.gov/BLAST/ and 

http://www.expasy.org). The software DNA 

man 8.0 was used to analyze GbWDR13 gene 

sequence and amino acid composition. 

Secondary structure of GbWDR13 protein was 

analyzed by SOPMA tool. Multiple sequence 

alignment was carried outusing the program 

Align X (Vector NTI Suite V 11.5). 

 

Phylogenetic Analysis 

In order to construct phylogenetic tree of WD-

repeat proteins. The software Clustal x 2.0 was 

used for sequence multialignment, and 

phylogenetic and genetic distance analyses of 

WD-repeat proteins were performed using 

MEGA 6.0 software packages with the 

neighbor-joining (NJ) method [22]. 

 

RESULTS  

Cloning of the cDNA fragement of GbWDR13 

Total RNAs extracted from Ginkgo biloba leaves 

were used as templates to amplify GbWDR13 

cDNA by one-step reverse transcription PCR. A 

1500 bp fragment was successfully obtained 

and predicted to be GbWDR13 cDNA by using 

BLAST programs (NCBI) to perform a complete 

homologous search in the GenBank database. 

Analysis of the sequence revealed a complete 

open reading frame (1488bp) extending from 

an ATG codon to a TAA stop codon, which 

encodes a protein of 496 amino acids (Fig. 1). 

The ORF segment consists of  bases A (26.8%), 

C(21.1%), G(24.2%) and T(27.9%). 

 

Characterization of the deduced GbWDR13 

protein 

By using online tools Computer pI/Mw 

tool(www.expasy.org), the pI and molecular 

weight of the deduced GbWDR13 polypeptide 

was predicted to be about 8.74 and 54.7 kDa, 

respectively. The deduced amino acid sequence 

of GbWDR13 includes 58 Ser, which is the 

largest percentage of the amino acid 

composition. Codon bias analysis found that G 

(31%) is the most commonly used in the first 

position, while A (30%) used in the 2nd 

position, and U (36%) in the 3rd position 

frequently. The secondary structure of 

GbWDR13 protein was predicted by SOPMA 

tool. The results showed GbWDR13 content 

Alpha helix (18.95%), Extended strand (31.65%), 

Beta turn (13.31%) and Random coil (36.09%). 

Research for homology in GenBank displayed 

that the amino acid sequence of GbWDR13 had 

high similarity with WD-repeat proteins and 

classified in WD40 superfamily. The deduced 

amino acid sequence contained a WD40 

domain, which is most conserved in WD40 

family [4]. It has been known that the WD40 

domain typically contains a GH dipeptide 11-24 

residues from its N-terminus and the WD 

dipeptide at its C-terminus, it covers a wide 

variety of functions including 

adaptor/regulatory modules in signal 

transduction, pre-mRNA processing and 

cytoskeleton assembly.  
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Fig.1: The cDNA sequence and the deduced amino acid sequence of GbWDR13 gene 

The start codon is shown by bold letters, and the stop codon is underlined 
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Fig. 2: Sequence multi-alignment of the deduced GbWDR13 protein with other WDRs 
The completely identical amino acids are indicated with white foreground and black background. The 
conserved aminoacids are indicated with white foreground and grey background. Non-similar amino 
acids are indicated with black foreground and white background.The GenBank accession numbers of 
these sequences are below: Cicer arietinum (XP_004510993), Prunus mume (XP_008236956), 
Phoenix dactylifera (XP_008804550), Vitis vinifera (XP_002274240), Solanum lycopersicum 
(XP_004230888), Nicotiana sylvestris (XP_009777043), Sesamum indicum (XP_011088456),  
Nelumbo nucifera (XP_010271526).  
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Fig. 3: Phylogenetic tree of the sequences of GbWDR13 and other plants WDR proteins  
The numbers at each node represented the bootstrap values (with 1000 replicates). 
GenBank accession numbers of WDR sequences are as follows: Medicago truncatula 
(XP_013445073.1), Glycine max (XP_006592959.1), Cucumis sativus (XP_004150062.1), Cucumis 
melo (XP_008460990.1), Citrus sinensis (XP_006487341.1), Populus euphratica (XP_011037171.1), 
Vitis vinifera (XP_002274240), Solanum lycopersicum (XP_004230888), Picea sitchensis 
(ADE76890.1), Musa acuminata (XP_009388467.1), Phoenix dactylifera (XP_008804550), Elaeis 
guineensis (XP_010933087.1).  
 

A BLASTP search and multiple sequence 

alignment by using program Align X show that 

the deduced amino acid sequence of GbWDR13 

exhibits a high degree of similarity with WD-

repeat proteins 13 from other plants (Fig.2). 

The database search revealed that GbWDR13 

showed 74% identity with a WDR13 of Nelumbo 

nucifera. The GbWDR13 was 71% identical to 

the WDR13 from Vitis vinifera and Phoenix 

dactylifera, 68% identical to WDR13 from 

Sesamum indicum, Nicotiana sylvestris and 

Prunus mume, and 69% identical to Cicer 

arietinum WDR13, 66% identical to Solanum 

lycopersicum WDR13. Therefore, the cloned 

WDR13 gene from Ginkgo biloba is thought to 

be a WD-repeat protein belongs to WD40 

superfamily. 

 

 

 

Phylogenetic Analysis 

In order to analyze the evolutionary 

relationships among GbWDR13 and other WDR 

proteins, Neighbor-joining included in the 

MEGA 6.0 software package was used to build a 

phylogenetic tree. 

The phylogenetic trees constructed based on 

the deduced amino acid sequences of 

GbWDR13 and other plant species WDR 

proteins are shown in Fig.3. As showed from 

the tree, two defined clusters of WDRs from 

Gymnosperm and Angiosperm can be found. 

The Ginkgo biloba WDR13 have a closer 

relationship with Picea sitchensis WDR than 

with other plant WDRs. WDRs from 

Monocotyledons such as Phoenix dactylifera, 

Elaeis guineensis and Musa acuminata were 

grouped into a cluster, while WDRs from 

Dicotyledons were grouped into a separate 

group. Furthermore, WDRs from the same 
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family having the closest relationship, such as 

Cucumis meloand and Cucumis sativus belong 

to the Cucurbitaceae were grouped into a 

cluster in the tree. The results showed that 

WDRs are quite similar in evolutionary, and 

GbWDR13 shared a common evolutionary 

origin and the conserved sequences motifs with 

the Gymnosperm specie WDR.  

 

DISCUSSION 

In this study, the nucleotide sequence encoding 

the WD-repeat protein from Ginkgo biloba was 

identified. The proposed ORF contains 1488 bp, 

which is expected to yield a protein sequence 

with a molecular weight of 54.7 kDa. Alignment 

of the deduced amino acid sequence of 

GbWDR13 with those of knew WDRs revealed 

the deduced GbWDR13 was high homologous 

with WDR proteins from other species, and it 

contained conserved WD40 domain belong to 

WD40 superfamily. As showed in the 

phylogenetic tree, the GbWDR13 protein was 

grouped into Gymnosperm, it is very likely that 

its function is similar to other Gymnosperm 

WD-repeat. 

Previous studies indicate that the WD-repeat 

protein play key roles in such disparate 

mechanisms as signal transduction, cytoskeletal 

dynamics, protein trafficking, nuclear export, 

RNA processing, and are especially prevalent in 

chromatin modification and transcriptional 

mechanisms [7]. As a member of the WD 

repeats protein family, WDR13 was highly 

conserved and its function research only 

reported on animals. Wdr13 gene  can regulate 

pancreatic beta cell proliferation in mice [19]. 

Taken together, our results suggest that 

GbWDR13 is belonging to WD40 superfamily 

and has a high levels of sequence similarities 

across the species. The GbWDR13 protein might 

involve in regulation of cell cycle. The isolation 

and sequence analysis of GbWDR13 will help 

understanding the functional characterization 

of WD-repeat protein in the future. 
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