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ABSTRACT 

The giant panda is one of the most critically endangered 
species due to the fragmentation and loss of its habitat. 
Studying the functions of proteins in this animal, espe-
cially specific trait-related proteins, is therefore neces-
sary to protect the species. In this work, the functions 
of these proteins were investigated using the genome 
sequence of the giant panda. Data on 21,001 proteins 
and their functions were stored in the Giant Panda 
Protein Database, in which the proteins were divided 
into two groups: 20,179 proteins whose functions can 
be predicted by GeneScan formed the known-function 
group, whereas 822 proteins whose functions cannot 
be predicted by GeneScan comprised the unknown- 
function group. For the known-function group, we fur-
ther classified the proteins by molecular function, bio-
logical process, cellular component, and tissue speci-
ficity. For the unknown-function group, we developed a 
strategy in which the proteins were filtered by cross- 
Blast to identify panda-specific proteins under the as-
sumption that proteins related to the panda-specific 
traits in the unknown-function group exist. After this 
filtering procedure, we identified 32 proteins (2 of which 
are membrane proteins) specific to the giant panda 
genome as compared against the dog and horse ge-
nomes. Based on their amino acid sequences, these 32 
proteins were further analyzed by functional classifica-
tion using SVM-Prot, motif prediction using MyHits, and 
interacting protein prediction using the Database of 
Interacting Proteins. Nineteen proteins were predicted 
to be zinc-binding proteins, thus affecting the activities 
of nucleic acids. The 32 panda-specific proteins will be 
further investigated by structural and functional analysis. 
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INTRODUCTION 

The giant panda (Ailuropoda melanoleuca) is one of the most 
critically endangered species due to the fragmentation and 
loss of its habitat. Studies have shown that only approximately 
2500–3000 pandas are distributed in several small mountains 
in Western China (Zhan et al., 2006). The giant panda has 
several specific characteristics, including a bamboo-only diet, 
a very low fecundity rate, a distinctive black and white fur 
pattern, and a controversial phylogenetic position in evolution 
(Krause et al., 2008). Studying these traits at the genomic and 
proteomic levels is imperative to ensure the survival of the 
species. 

Previous studies have used genetic methods to extract 
phylogenetic and heterogeneous information on the giant 
panda (Pagés et al., 2008; Hama et al., 2009; Hao et al., 
2009). Research has shown that the karyotype of the giant 
panda is similar to that of the bear (Nash et al., 1998), sug-
gesting that the bear and the giant panda have similar ge-
nome sizes. In 2010, Li et al. (2010) successfully generated 
and assembled a draft sequence of the giant panda genome, 
thus providing an essential tool for detailed understanding of 
the biological traits of the giant panda. Their study found that, 
although it is taxonomically classified as a carnivore, the 
bamboo diet of the giant panda might be more dependent on 
its gut microbiome than on its own genetic composition. 

In this study, the functions of proteins in the giant panda 
were investigated using its genome sequence. Data on 
21,001 proteins were stored in the Giant Panda Protein Da-
tabase (GPPD) (http://60.28.101.183/home.html). The func-
tions of these proteins were analyzed using GeneScan 
(Burge et al., 1997) and subjected to functional classification 
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using SVM-Prot (Cai et al., 2003), motif prediction using My-
Hits (Pagni et al., 2007), and interacting protein prediction 
using the Database of Interacting Proteins (DIP) (Xenarios et 
al., 2002). 

RESULTS 

Known-function group vs. unknown-function group 

The functional annotation files of proteins in the giant panda 
were classified by function field. The functional annotations 
were presented by Gene Ontology using GeneScan (Burge 
et al., 1997). In the absence of any annotation for a protein, 
we regarded the protein to be of unknown function; otherwise, 
the protein was included in the known-function group. After 
functions were assigned, we obtained 822 unknown-function 
proteins and 20,179 known-function proteins. 

GPPD 

The GPPD was developed to store information on the 21,001 
proteins in the giant panda and their predicted functions with 
web access. A snapshot of the interface of the GPPD is 
shown in Fig. 1. 

According to further information predicted from Uniprot 
(Magrane et al., 2011), the proteins from the known-function 

group were classified by biological process, cellular compo-
nent, molecular function, and tissue specificity. GPPD users 
can type keywords to search the database. For example, a 
search for “biological process” will lead to 5500 categories, 
including cell death, protein insertion into membrane, and cell 
junction assembly, among others. A search for “cell death” 
results in 81 proteins shown to be involved in the cell death 
process. 

Filtering the unknown-function group 

Filtering by cross-Blast 

The giant panda is primarily an herbivore, despite its taxonomic 
classification as a carnivore. Previous research on the genome 
of the giant panda has shown that it shares the highest ge-
nome sequence homology with the dog among carnivorous 
animals and with the horse among herbivorous animals. We 
therefore chose the genome sequences of the dog and horse 
for comparison with that of the giant panda to identify proteins 
that might be related to the specific traits of this animal. 

Eight hundred twenty-two proteins with unknown functions 
from the peptide text file of the giant panda genome sequence 
were analyzed (She et al., 2009) against the dog and horse 
genome sequences using Blast. Fig. 2 shows the cross-Blast 
procedure, and Table 1 shows the cross-Blast results. 

 
 

 
 

Figure 1.  Snapshot of the interface of the GPPD 
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Figure 2.  Filtering by the cross-Blast procedure 
 
Table 1  Numbers of proteins from a cross-Blast search of the panda 
genome against the dog/horse genome 

 Common with panda Specific for panda 

Dog               784 38 

Horse              693 129 

Dog and horse  32 

 
Of the 32 panda-specific proteins, 2 were predicted to be 

membrane proteins using the TMHMM program. Table S1 
shows the TMHMM results. The sequences of these proteins 
are provided in Supplemental Material. 

SVM-Prot 

Panels A and B of Fig. 3 show the results of SVM-Prot anal-
ysis. Of the 32 proteins, 19 were classified as zinc- binding 
proteins, whereas the remaining proteins were categorized 
as lipid-binding/membrane proteins, DNA-binding proteins, 
nuclear receptors, or transferases, among others. 

Motif Scan of MyHits 

Table 2 shows the results of Motif Scan analysis. Five pro-
teins with special motifs were found, namely, Ame_R000609 
(with a bipartite nuclear localization signal profile), 
Ame_R013224 (with a glycine-rich region profile and a 
proline-rich region profile), Ame_R019548 (with a lysine-rich 
region profile and a bipartite nuclear localization signal pro- 

 
Table 2  Motif prediction results using Motif Scan of MyHits 

Name Score Description 

Ame_R000248 ？ None 

Ame_R000307 ？ None 
Ame_R000609 ！ Bipartite nuclear localization signal  

profile 
Ame_R000622 ？ None 

Ame_R002839 ？ None 

Ame_R002945 ？ None 

Ame_R004369 ? None 

Ame_R005446 ？ None 

Ame_R006158 ？ None 

Ame_R007364 ？ None 

Ame_R008064 ？ None 

Ame_R008184 ？ None 

Ame_R008820 ？ None 

Ame_R008980 ？ None 

Ame_R011061 ？ None 

Ame_R011984 ？ None 

Ame_R012522 ？ None 

Ame_R013038 ？ None 

Ame_R013090 ？ None 
Ame_R013224 ！ 1. Glycine-rich region profile 

2. Proline-rich region profile 
Ame_R013532 ? None 

Ame_R013753 ？ None 

Ame_R014240 ？ None 

Ame_R015262 ？ None 

Ame_R017002 ？ None 

Ame_R017525 ？ None 

Ame_R017671 ？ None 

Ame_R018563 Empty Empty 
Ame_R019548 ！ Lysine-rich region profile 

Bipartite nuclear localization signal  
profile 

Ame_R013532 ? None 

Ame_R017570 ! Protamine P1 signature 

Ame_R020040 ? None 

The subject database includes perox, hamap, pat, freq_pat, prf, pre, 
pfam_fs, and pfam_ls. A question mark in the score field indicates a 
questionable or weak match: determining the true- or false-negative 
status of which requires additional biological evidence. On the other 
hand, an exclamation point in the score field indicates a strong match: 
it is very unlikely that this match is false positive. 

 
file), Ame_R017570 (with a protamine P1 signature), and 
Ame_R009902 (with a trefoil domain and glycosyl hy-
drolases). 
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Figure 3.  Functional classification of the 32 panda-specific proteins using SVM-Prot. The y-coordinate data represent the 
expected classification accuracy (%) (probability of correct classification). (A) Nineteen proteins were predicted to be zinc-binding 
proteins. (B) Twelve proteins were predicted to be lipid-binding proteins and DNA-binding proteins, among others. (Ame_R018563 
was not included because its amino acid length was too short to be predicted.) 

 
Interacting protein prediction 

Table 3 shows the DIP results. Seventeen of the target pro-
teins were predicted to interact with nucleic acids and therefore 
may be involved in replication/transcription/translation activities. 
Table 4 shows the results obtained using a combination of the 
three prediction methods. Two of the proteins were predicted 
by all three methods to be associated with nucleic acids (see 
sequences of Ame_R000609 and Ame_R019548 in 
Supplemental Material), whereas 9 proteins were predicted by 
two methods, 16 by one method, and 5 by none to be so. 

DISCUSSION 

The main structure of the GPPD is illustrated in Fig. 4. The 
proteins were classified by biological process, cellular com-
ponent, molecular function, and tissue specificity. One classi-

fication can also be specified for different subclasses or 
pathways according to the specific function of each protein. 
Biological process contains 5476 pathways, cellular compo-
nent contains 1421, molecular function contains 3317, and 
tissue specificity contains 8346. 

Using the GPPD, we investigated the special traits of the 
giant panda, including its digestive and genital systems. 
Eighty-seven proteins were associated with the digestive 
function, and 37 were associated with the genital system. We 
hypothesized that although these functions are already 
known, they can also play a significant role in determining the 
giant panda’s specific traits. These protein sequences are 
provided in the supplementary file and can also be obtained 
from the GPPD. The giant panda genome sequence peptide 
text file contains 822 proteins with unknown functions. We 
further hypothesized that several of these proteins are related 
to the specific traits of the giant panda. 
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Table 3  Results of interacting protein prediction using the DIP 

Name Interacting protein: name/description 

Ame_R000248 DNA-directed RNA polymerase I subunit RPA2 

Ame_R000307 RAD2 protein 

Ame_R000609 66 kDa U4/U6.U5 small nuclear ribonucleoprotein component 

Ame_R000622 CG8378-PA open reading frame 

Ame_R002839 Kinesin-like protein 2 

Ame_R002945 CG5731-PA open reading frame 

Ame_R005446 Guanine nucleotide exchange factor LTE1 

Ame_R006158 Keratin, type I cytoskeletal 18 

Ame_R007364 Probable pyridine nucleotide-disulfide oxidoreductase ykgC 

Ame_R008064 Kekkon-3 (CG4192-PA) 

Ame_R008184 Probable membrane protein YPL012w 
Ame_R008820 Dynamin-related protein DNM1 
Ame_R008980 BUD8 protein 
Ame_R011061 DNA-polymerase-delta (CG5949-PA) 
Ame_R011984 Probable helicase RAD26 
Ame_R012522 Nucleoporin NUP159 
Ame_R013038 TBP-associated factor 11 
Ame_R013090 CG9791-PA open reading frame 
Ame_R013224 Zinc finger, C2H2 type 
Ame_R013753 Translation elongation factor eEF-3 homolog YPL226w 
Ame_R014240 Combgap (CG8367-PB) 
Ame_R015262 Hypothetical protein C17G10.4 (confirmed) 
Ame_R017002 Fimbrin 
Ame_R017525 CD30 ligand 
Ame_R017671 AST2 protein 
Ame_R018563 None 
Ame_R019548 Finger protein SIG1 
Ame_R004369 Polyribonucleotide nucleotidyltransferase (polynucleotide phosphorylase)  
Ame_R013532 Probable membrane protein YPL032c 
Ame_R006110 CG3571-PA open reading frame 
Ame_R017570 Probable membrane protein YNL127w 
Ame_R020040 Origin recognition complex chain ORC5 

 
Table 4  Prediction of nucleic acid-associated proteins 

Ame_R000248    Ame_R008184    Ame_R014240    
Ame_R000307    Ame_R008820    Ame_R015262    
Ame_R000609    Ame_R008980    Ame_R017002    
Ame_R000622    Ame_R011061    Ame_R017525    
Ame_R002839    Ame_R011984    Ame_R017671    
Ame_R002945    Ame_R012522    Ame_R018563    
Ame_R005446    Ame_R013038    Ame_R019548    
Ame_R006158    Ame_R013090    Ame_R004369    
Ame_R007364    Ame_R013224    Ame_R013532    
Ame_R008064    Ame_R013753    Ame_R006110    
Ame_R017570    Ame_R020040        

Cells in green, red, and blue represent proteins predicted using SVM-Prot, the DIP, and MyHits, respectively, to be associated with nucleic acids. 
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The dog and horse share a high genome sequence ho-
mology with the giant panda (Li et al., 2010). The dog is 
classified as a carnivore, whereas the horse is classified as an 
herbivore; the giant panda’s diet is primarily herbivorous. We 
therefore chose the dog and horse genome sequences for 
comparison with the giant panda genome sequence to identify 
proteins that might be related to the specific traits of the giant 
panda. Of the 822 proteins with known functions in the giant 
panda, 38 are unique to the giant panda; 784 proteins are 
conserved between the dog and panda genome sequences, 
whereas only 693 are conserved between the horse and 
panda genome sequences. These findings suggest that the 
giant panda has a greater similarity to the dog than to the 
horse. With cross-Blast searches between the dog, horse, 
and panda genome sequences, 32 proteins were found to be 
unique to the giant panda, of which 2 were predicted to be 
membrane proteins. Nineteen of the 32 proteins were further 
found to be zinc-binding proteins that carry out important 
biological functions, including serving as transcription factors 
and participating in substrate activation as well as enzymatic 
catalysis. The rest of the 32 proteins were predicted to be 
lipid-binding proteins, DNA-binding proteins, nuclear recep-
tors, or transferases. Motif Scan analysis revealed the fol-
lowing: Ame_R000609 consisted of a bipartite nuclear local-
ization signal sequence that can direct a newly synthesized 
protein into the nucleus (Wikipedia.org); Ame_R013224 con-
sisted of a glycine-rich region sequence (Bocca et al., 2005) 
and a proline-rich region sequence (Williamson et al., 1994) 
that are involved in protein–protein interactions as well as in 
binding and signal transduction and transcription activation 
(Williamson et al., 1994; Bocca et al., 2005); Ame_R019548 
consisted of a lysine-rich region profile and a bipartite nuclear 
localization signal profile that can direct a newly synthesized 
protein into the nucleus and are involved in molecular inter-
actions (Wikipedia.org); Ame_R017570 consisted of a pro-
tamine P1 signature that is replaced by histones late in the 
haploid phase of spermatogenesis and believed to be essen-
tial for sperm head condensation and DNA stabilization 
(Wikipedia.org); and Ame_R009902 consisted of (1) a trefoil 
(P-type) domain in which a cysteine-rich domain of approxi-
mately 45 amino acid residues has been found in some ex-
tracellular eukaryotic proteins and (2) a glycosyl hydrolase 
domain that can catalyze the hydrolysis of the glycosidic 
linkage to release smaller sugars (Wikipedia.org). The inter-
acting proteins of the 32 proteins were further investigated 
using a combination of SVM-Prot, MyHits, and the DIP. Of 
these proteins, 2, 9, 16, and 5 were predicted by all three 
methods, two methods, one method, and none, respectively, 
to associate with nucleic acids. All these functions indicate 
that the 32 proteins might be related to specific traits of the 
giant panda. The 30 non-membrane proteins will be further 
investigated by protein crystallography to elucidate their 
structure and function. 

In summary, the GPPD was developed to store informa- 

 
 

Figure 4.  Main structure of the GPPD 
 
tion on the 21,001 proteins in the giant panda and their pre-
dicted functions. We have screened the genome sequence of 
the giant panda and identified 32 proteins that may be related 
to its specific characteristics. The structural and functional 
data on these proteins provide a starting point for a more 
detailed understanding of the biological traits of the species. 

MATERIALS AND METHODS 

Materials 

In 2010, Li et al. successfully generated and assembled a draft se-
quence of the giant panda genome, thereby providing an essential 
tool for detailed understanding of the biological traits of the giant 
panda. The draft giant panda genome sequence was provided by BGI 
Shenzhen (Li et al., 2010). GenBlastA (She et al., 2009), GeneScan 
(Burge et al., 1997), Augustus (Stanke et al., 2003), and GeneWise 
(Birney et al., 2004) were used to generate CDS, peptide, and gff text 
files as described by Li et al. (2010). The specific proteins were filtered 
from the total of 21,001 proteins. The dog and horse cDNA files were 
obtained from Ensembl (http://www.ensembl. org/index.html). 

Methods 

Cross-Blast 

Fig. 2 shows a schematic of the cross-Blast procedure. We first per-
formed a Blast search of the panda sequence against that of the dog 
or horse sequence and identified the commonly conserved proteins. 
We then performed a Blast search of the panda sequence against the 
dog and horse sequences and identified the panda-specific proteins 
using GenBlastA (She et al., 2009). The panda protein database was 
used to provide the query sequences, and the dog/horse cDNA da-
tabase was used for the target sequences. The e-value, minimum 
percentage of query gene coverage, and minimum score of the HSP 
group were set to 1e−5, 0.01, and −100, respectively. 

SVM-Prot 

SVM-Prot (http://jing.cz3.nus.edu.sg/cgi-bin/svmprot.cgi) (Cai et al., 
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2003) is a web-based support vector machine software that classifies 
a protein into a functional family from its primary sequence. Protein 
sequences of interest can be placed in this program, which predicts 
their properties using the SVM algorithm and gives some values to 
evaluate the predictions. We further classified the 32 panda-specific 
proteins identified by cross-Blast using this tool (Cai et al., 2003). 

Motif Scan of MyHits 

The Motif Scan of MyHits (http://myhits.isb-sib.ch/cgi-bin/ motif_scan) 
(Pagni et al., 2007) identifies sequence motifs. This tool can use eight 
motif databases (perox, hamap, pat, freq_pat, prf, pre, pfam_fs, and 
pfam_ls; Pagni et al., 2007) to perform predictions. We ran Motif 
Scan on the 32 panda-specific proteins. 

DIP 

The DIP (http://dip.doe-mbi.ucla.edu/dip/Search.cgi) (Xenarios et al., 
2002) was used to identify the proteins associating with the un-
known-function proteins. The functions of proteins were analyzed 
from their associating components, indicating that some specific 
associating components can verify the predicted functions of the 
proteins. 

GPPD 

The GPPD system server is hosted by Red Hat Enterprise Linux. The 
database for storing information on the proteins was created using 
MySQL, whereas the website was developed using Perl and PHP. 
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