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Abstract Sika deer is one of the best-known and highly

valued animals of China. Despite its economic, cultural,

and biological importance, there has not been a large-scale

sequencing project for Sika deer to date. With the ultimate

goal of sequencing the complete genome of this organism,

we first established a bone marrow cDNA library for Sika

deer and generated a total of 2,025 reads. After processing

the sequences, 2,017 high-quality expressed sequence tags

(ESTs) were obtained. These ESTs were assembled into

1,157 unigenes, including 238 contigs and 919 singletons.

Comparative analyses indicated that 888 (76.75%) of the

unigenes had significant matches to sequences in the non-

redundant protein database, In addition to highly expressed

genes, such as stearoyl-CoA desaturase, cytochrome c

oxidase, adipocyte-type fatty acid-binding protein, adipo-

nectin and thymosin beta-4, we also obtained vascular

endothelial growth factor-A and heparin-binding growth-

associated molecule, both of which are of great importance

for angiogenesis research. There were 244 (21.09%)

unigenes with no significant match to any sequence in

current protein or nucleotide databases, and these sequen-

ces may represent genes with unknown function in Sika

deer. Open reading frame analysis of the sequences was

performed using the getorf program. In addition, the

sequences were functionally classified using the gene

ontology hierarchy, clusters of orthologous groups of

proteins and Kyoto encyclopedia of genes and genomes

databases. Analysis of ESTs described in this paper pro-

vides an important resource for the transcriptome explo-

ration of Sika deer, and will also facilitate further studies

on functional genomics, gene discovery and genome

annotation of Sika deer.
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Abbreviations

ESTs Expressed sequence tags

ORF Open reading frame

GO Gene ontology

COGs Clusters of orthologous groups of proteins

KEGG Kyoto encyclopedia of genes and genomes

Introduction

Sika deer (Cervus nippon) are historically widespread

throughout northeastern Asia, from the Ussuri region to

Vietnam, including the Korean Peninsula, mainland China

and Taiwan, and the Japanese Archipelago, and up to 13

subspecies have been described [1]. It is one of the best-

known and highly valued animals of China. In ancient

times, it was regarded as an auspicious animal and referred

to as ‘‘a divine creature’’. The whole body of Sika deer is

valuable, including its velvet antlers, pizzle, fetus, sinew,

bone, blood, and skin, as well as venison, and these body

parts are recorded as highly valued in traditional Chinese

medicine and listed as tonics in Shennong’s Classic of

Materia Medica, the Compendium of Materia Medica and

other pharmaceutical monographs of ancient China. Sika

B. Yao � J. Li (&)

School of Public Health, Jilin University, Changchun 130021,

China

e-mail: li_juan@jlu.edu.cn

Y. Zhao (&) � M. Zhang

Center for New Medicine Research, Changchun

University of Chinese Medicine, Changchun 130117, China

e-mail: cnzhaoyu@yahoo.com.cn

123

Mol Biol Rep (2012) 39:2981–2990

DOI 10.1007/s11033-011-1060-3



deer products have strong tonic, anti-aging, accelerated

ulcer healing and other pharmacological activities [2].

Shuangyang Sika deer from Jilin Province, which belong to

Cervus nippon hortulorum, are a prized variety of these

deer in the central part of northeastern China. In 1990, a

Sika deer breeding project received the first prize of the

State Science and Technology Awards.

Expressed sequence tag (EST) analysis is an effective

method for discovering novel genes and investigating gene

expression in different organs and tissues. This technology

has become a commonly used approach to identify genes

involved in specific biological functions, especially in

organisms where genomic data are not available [3]. It can

be performed more easily than whole-genome sequencing,

enabling us to collect nucleotide sequence information of

protein-coding regions rapidly and efficiently [4]. Thus,

ESTs represent a cost-effective approach for gene discov-

ery. In addition to humans [5–7], analyses of ESTs have

also been carried out in various mammalian organisms,

including cattle [8–11], sheep [12, 13], horse [14] and

camel [15]. However, few genome resources have been

developed from Sika deer, and there are only approxi-

mately 727 ESTs of Sika deer available in the NCBI

database. Furthermore, reports of such studies are almost

nonexistent in the literature. The lack of sequence infor-

mation in this species has limited the progress of gene

discovery and characterization. Such an approach can aid

in understanding the biological functions of Sika deer at the

transcriptome level, which is beneficial for finding func-

tional genes and active proteins, as well as for studies on

the genomics of Sika deer in the future.

Bone marrow is a soft connective tissue within the

medullary cavities of bones. Most cellular components of

the immune system originate in the bone marrow, including

B cells, natural killer (NK) cells, and macrophages [16]. It

is also the only known organ in which two separate and

distinct stem cell types not only coexist, but also func-

tionally cooperate [17]. Bone marrow stem cells (BMSC)

are classified into hematopoietic stem cells (HSC), which

give rise to all cells of the hematopoietic system, and

mesenchymal stem cells (MSC), which support hemato-

poiesis. In addition to their role in hematopoiesis, both

HSC and MSC have the ability to differentiate into many

other types of cells in vivo or in culture conditions [18]. As

an example, stem cells isolated from bone marrow can

differentiate not only into blood cells, but also into hepa-

tocytes, skeletal muscle and cardiomyocytes, and recent

studies have shown that stem cells may even give rise to

neural cells in vivo [19]. The source of the cells that give

rise to regenerating the antler has been a matter of con-

troversy. Recently, it has been hypothesized that antler

regeneration is a stem cell-based process, with stem cells

located in the pedicle periosteum giving rise to progenitor

cells of different lineages, such as chondro- and osteopro-

genitors [20]. Sika deer also produce a series of functional

polypeptides that have been reported to have effects on

accelerating fracture healing by stimulating the prolifera-

tion of chondrocytes and osteoblast precursors, as well as

maintaining the survival and promoting the growth of

neural cells, particularly the regeneration of neural tissues

[21–25]. However, little is known about the molecular

biology of Sika deer. Identification of expressed genes and,

in particular, their transcript profile, would be a key step in

understanding their pharmacological activity and the

regeneration mechanisms of these deer.

In this study, we generated and analyzed more than

2,000 ESTs from a bone marrow cDNA library of Chinese

Sika deer, and most of these ESTs were reported in Sika

deer for the first time. The availability of these EST

sequences will allow the development of molecular mark-

ers for the establishment of a reference genetic map and for

the design and construction of cDNA microarrays for

global gene expression profiling. This new collection of

sequences constitutes an important new resource for the

genomics of Sika deer and related deer species.

Materials and methods

Materials

Bone marrow was collected from the hind femur of Shu-

angyang Sika deer, washed with RNase-free water several

times, and then immediately placed in liquid nitrogen. The

samples were kept at -80�C until use.

Construction of cDNA library

Total RNA was extracted from the marrow of Sika deer

using TRIzol reagent (Invitrogen, USA) according to the

manufacturer’s instructions, and poly (A) ? mRNA was

isolated from the total RNA using an mRNA purification

kit (Takara, Japan). Then, the poly (A) ? mRNA was

reverse transcribed into cDNA using a cDNA Synthesis Kit

(Stratagene, USA). After cDNA termini blunting, adapter

ligation, and digestion, the cDNA was inserted into

pBluescript_II_SK(?) (Stratagene, USA), digested with

XhoI and EcoRI, and then introduced into the Escherichia

coli strain DH10B (Takara, Japan).

EST sequencing

A total of 2,025 colonies were randomly picked from the

cDNA library, transferred into 96-well plates containing

LB medium and incubated for 18 h at 37�C for amplifi-

cation. Bacterial plasmids were extracted using an
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AxyPrep
TM

Easy-96 Plasmid Purification Kit (Axygen) and

were stored at -20�C until use. The cDNA inserts were

single-pass sequenced from the 50 end of the cDNA using

BigDye� Terminator v3.1 Cycle Sequencing Kits (Applied

Biosystems) and a T3 primer (50-AATTAACCCTCAC-

TAAAG-30) on a 3730XL DNA analyzer (Applied Bio-

systems) according to the manufacturer’s protocol.

EST data analysis, processing and assembly

The raw sequences were processed using the Phred pro-

gram [26, 27] to remove sub-standard reads, followed by

Cross_match and RepeatMasker [28] to eliminate the

vector and repeat sequences. High-quality ESTs ([100 bp)

were then assembled and clustered into contiguous

sequences (contigs) using Contig Assembly Program 3

(CAP3) [29]. Consed, an assembly viewer, was then used

to assess contigs for misassemblies, in particular, mosaic

clones resulting from polyA sequences [30].

EST annotation and analysis

We used the getorf program from the EMBOSS package

[31] to find all open reading frames (ORFs) of at least 100

nucleotides, then selected the longest ORF for each

sequence. Sequence similarity searches against different

protein databases were conducted using an advanced

BLAST program [32, 33]. The BLASTX program was used

to compare the nucleotide sequences to the NCBI non-

redundant (nr) protein database, and results with E-values

equal to or less than 10-5 were treated as ‘‘significant

matches’’, whereas ESTs with no hits, or matches with

E-values greater than 10-5 to proteins in NCBI were

classified as ‘‘no significant matches’’. The BLASTN pro-

gram was used to compare the nucleotide sequences with

the sequences in the Sika deer EST database at NCBI, and

results with E-values equal to or less than 10-10 were

treated as ‘‘significant matches’’, whereas ESTs with no

hits, or matches with E-values greater than 10-10 to

nucleotides in NCBI were classified as ‘‘no significant

matches’’.

More detailed functional annotation was performed by

mapping sequences to the Gene ontology (GO) database,

Clusters of orthologous groups of proteins (COGs) data-

base and Kyoto encyclopedia of genes and genomes

(KEGG) database. GO classifications [34, 35] were

acquired using Interproscan [36, 37], which was down-

loaded from the European Bioinformatics Institute (EBI).

COGs classification [38, 39] was performed by BLASTX

searching of the NCBI database. Furthermore, we also

submitted the unigenes to the Kyoto Encyclopedia of

Genes and Genomes (KEGG) [40, 41] to acquire concrete

functional information.

Results

Characterization of the cDNA library

The primary titer of the cDNA library constructed in this

study consisted of 3.5 9 106 clones, with more than 90%

recombinant clones, as revealed by PCR analysis (Fig. 1).

The results indicated that the quality of the cDNA library

should be sufficient to identify the expressed genes in the

bone marrow of Sika deer.

EST sequencing and assembly

In total, 2,017 ESTs from single-pass 50 sequencing of

2,025 cDNA clones passed the quality control analysis for

high-confidence base calling, and 1,157 unigenes consist-

ing of 238 contigs and 919 singletons were assembled. The

GC content of the unigenes was approximately 51%, and

401 sequences included polyA(T) sequences (Table 1).

The number of ESTs in the contigs ranged from 2 to 63,

with more than 51.26% of contigs consisting of 2 ESTs,

18.91% of 3 ESTs, and 25.63% of 4-10 ESTs. Approxi-

mately 79.7% of the unigenes ranged from 500 to 1000 bp;

the average length was 756 bp, and the longest unigene

was 3127 bp.

ORF prediction

73.87% of contigs and 62.80% of singletons had an ORF

longer than 300 bp. As expected, contigs yield longer

ORFs (average ORF length: 501.69 bp) compared to those

of singletons (average ORF length: 422.18 bp). Approxi-

mately 38.14% of the contigs had an ORF ranging from

500 to 1,000 bp; 33.33% were from 300 to 500 bp; and

3.43% were longer than 1,000 bp; the longest ORF was

1940 bp.

Functional annotation and classification

A total of 1,157 unigenes were compared to the NCBI nr

database and the Sika deer EST database for homology

identification. Among these sequences, 76.75% (total

number: 888) had significant matches with sequences in the

Fig. 1 PCR analysis of partial clones in the cDNA library. Lanes 1–

16: PCR products from different clones. Lanes M: DNA ladder maker
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non-redundant protein database based on an E-value cut off

that was equal to or less than 10-5; 23.25% (total number:

269) were homologous to genes with unknown functions.

Comparing the 269 sequences against the Sika deer EST

database using BLASTN demonstrated that the percentage

of the sequences that had significant matches was only

9.29% based on an E-value cut off that was equal to or less

than 10-10, and others had no matches to the sequences in

the Sika deer EST database.

We further analyzed BLAST results separately for fif-

teen mammalian species. Nearly 92% of the EST hits came

from mammalian species. Among these species, Chinese

Sika deer genes had high similarity to cattle. In total, there

were 496 ESTs that matched cattle (Bos taurus), corre-

sponding to approximately 55.86% of all EST hits. Among

other mammals, there were 55 ESTs (6.19%) that matched

dog (Canis lupus familiaris); 51 (5.74%) matched labora-

tory mouse (Mus musculus); 45 (5.07%) matched horse

(Equus caballus); 39 (4.39%) matched rhesus macaque

(Macaca mulatta); 37 (4.17%) matched chimpanzee (Pan

troglodytes), 25 (2.82%) matched sheep (Ovis aries); 23

(2.59%) matched rat (Rattus norvegicus); and 22 (2.48%)

matched pig (Sus scrofa).

The highly expressed genes in the library that contained

more than five ESTs in one contig are summarized in

Table 2. The most frequently expressed gene was MSTP

008 (63 ESTs), followed by cytochrome c oxidase subunit I

(60 ESTs), subunit III (55 ESTs) and stearoyl-CoA desat-

urase (SCD) (45 ESTs similar to Bubalus bubalis and 34

ESTs similar to Bos taurus).

Based on GO annotation, each sequence was assigned at

least one GO term. Second-level GO terms were used to

classify the sequences in terms of their involvement as

having a cellular location, involved in molecular functions,

and involved in biological process (Fig. 2). In total, 580

(50.1%) unigenes could be assigned to one or more

ontologies. Of the sequences categorized as having cellular

locations, 46.2% were categorized as ‘‘cell’’ and ‘‘cell

part’’, 23.79% as ‘‘organelles’’, and 18.79% as ‘‘macro-

molecular complex’’. Of the sequences categorized as

having molecular functions, 45.69% were categorized as

‘‘binding’’, followed by those involved in ‘‘catalytic

activity (43.97%)’’. The most represented biological pro-

cesses were ‘‘cellular process’’ and ‘‘metabolic process’’,

which comprised 55.00% and 52.07% of these sequences,

respectively.

We also analyzed the protein homology of 888 ESTs in

the cluster of orthologous group (COGs) database. In this

analysis, 412 ESTs were found to have significant protein

homologs (E-value \ 1e-05) and were sorted into 21

groups according to the functional categories of the data-

base (Table 3). The largest group was assigned to the

translation, ribosomal structure and biogenesis category

(22.70%); the second largest group was genes involved in

posttranslational modification, protein turnover, and chap-

erones (15.52%), followed by those with only a general

function prediction (12.36%), energy production and con-

version (11.21%) and lipid transport and metabolism

(8.62%).

Using KEGG, 865 unigenes (74.76%) were assigned

into specific pathways (Table 4). Thus, 37.69% of the

unigenes were included in basic metabolism processes;

most of these were involved in carbohydrate metabolism,

energy metabolism, amino acid metabolism and lipid

metabolism. The other unigenes were assigned into path-

ways involving human diseases (27.51%), cellular pro-

cesses (20.11%), genetic information processing (12.14%)

and environmental information processing (8.79%).

Discussion

EST analysis provides a powerful and rapid means of

reconstructing the transcriptome of specific tissues for the

identification of differentially expressed genes. In this

study, 2,025 clones were isolated and sequenced, yielding

2,017 high-quality ESTs. In total, we obtained 1,157

unigenes, consisting of 238 contigs and 919 singletons.

Approximately three-fourths of the ESTs were similar to

sequences in nr protein databases, and the remaining

sequences with no matches in the public databases may

represent genes with unknown function. Sika deer were

only represented by 727 sequences in the NCBI database

prior to this study (http://www.ncbi.nlm.nih.gov/protein?

term=Cervus%20nippon). Much of the previous EST

sequencing in Sika deer has focused on cDNAs derived

from antler (total number 701), liver (total number 3),

spleen (total number 3), aorta (total number 3), and blood

(total number 3), but little attention has been focused on

bone marrow (total number 1). Bone marrow consists of

different cell types and cells at different stages of

Table 1 Statistics of ESTs

Feature Statistic

Total number of cloned sequences 2025

Number of low-quality sequences 8

Number of high-quality sequences 2017

Number of unigenes 1157

Average length of unigenes (bp) 756

Longest length of unigenes (bp) 3127

GC content of the unigenes (%) 51

Number of unigenes with polyA(T) 401

Number of contigs 238

Number of singletons 919
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differentiation. The major cellular groups in this tissue are

hematopoietic cells and stromal cells [42], containing

extracellular matrix components, cytokines, and growth

factors [43]. In this study, we generated ESTs from the

marrow of Sika deer that were not addressed by other

research groups; most of the transcripts found in this study

were the first representatives of these transcripts for Sika

deer. Comparing the obtained sequences against the Sika

deer EST database using BLASTN demonstrated that the

percentage of the sequences that had significant matches

was only 9.29% based on an E-value cut off that was equal

to or less than 10-10. More than 90% of the ESTs had no

matches to sequences in the Sika deer EST database, and

these sequences may represent novel genes in Sika deer.

We listed 37 highly expressed genes observed in the

EST collection, most of which were associated with

Table 2 Highly expressed genes in the library

Accession

number

ESTs GenBank descriptor [source organism] E-value

AAQ13510 63 MSTP008 [Homo sapiens] 2E-20

ABK54027 60 Cytochrome c oxidase subunit I [Cervus nippon taiouanus] 0

YP_778675 55 Cytochrome c oxidase subunit III [Cervus unicolor swinhoei] 1E-125

ABL84691 45 Stearoyl-CoA desaturase [Bubalus bubalis] 3E-22

AAL99940 34 stearoyl-CoA desaturase [Bos taurus] 0

A6YLM6 27 Adipocyte-type fatty acid-binding protein (A-FABP) [Cervus elaphus] 2E-68

XP_001028745 16 Hypothetical protein TTHERM_02141640 [Tetrahymena thermophila] 2E-49

ABR68248 15 Thymosin beta 4 [Cervus elaphus] 2E-25

NP_777167 13 Adiponectin [Bos taurus] 1E-117

NP_001073733 12 Lysophosphatidic acid acyltransferase, beta (AGPAT2) [Bos taurus] 1E-111

NP_001032525 10 Nuclear DNA-binding protein [Bos taurus] 2E-72

NP_001095385 10 Fructose-bisphosphate aldolase A [Bos taurus] 0

NP_001393 10 Eukaryotic translation elongation factor 1 alpha 1 [Homo sapiens] 0

EDM12555 10 rCG47344, isoform CRA_b [Rattus norvegicus] 7E-57

ABL07498 9 Ferritin heavy chain [Capra hircus] 1E-101

XP_534878 9 PREDICTED: similar to Microsomal glutathione S-transferase 1 (Microsomal

GST-1) [Canis familiaris]

3E-82

AAK97780 9 Cytochrome b [Cervus elaphus sibericus] 1E-166

XP_584034 8 PREDICTED: similar to putative lymphocyte G0/G1 switch protein 2 isoform

2 [Bos taurus]

1.00E-19

YP_002456346 8 NADH dehydrogenase subunit 1 [Hydropotes inermis] 1E-122

CAH72035 7 Tumor protein, translationally controlled 1 [Homo sapiens] 3E-64

AAH89817 7 Fth1 protein [Rattus norvegicus] 1E-102

NP_001035565 7 Retinol-binding protein 4, plasma [Bos taurus] 1E-106

NP_001106755 7 Gelsolin [Bos taurus] 0

NP_001030360 7 Transaldolase 1 [Bos taurus] 1E-172

NP_001068839 7 Basigin [Bos taurus] 1E-142

NP_001035623 6 Thyroid hormone-responsive protein [Bos taurus] 3E-56

NP_001095811 6 Galectin 3 [Bos taurus] 3E-75

NP_001069499 6 Cell death-inducing DFFA-like effector c [Bos taurus] 1E-112

NP_001030265 6 Integral membrane protein 2B [Bos taurus] 1E-143
|XP_001054782 6 PREDICTED: hypothetical protein [Rattus norvegicus] 8E-38

EDL36955 6 mCG19129 [Mus musculus] 2E-98

NP_001077168 5 Perilipin 1 [Bos taurus] 1E-139

NP_034990 5 Myosin, light polypeptide 6, alkali, smooth muscle and non-muscle [Mus musculus] 2E-82

NP_001069553 5 Acyl-CoA synthetase long-chain family member 1 [Bos taurus] 5E-64

XP_584414 5 PREDICTED: similar to Cu/Zn superoxide dismutase [Bos taurus] 8E-87

ABI95140 5 Fatty acid synthase [Capra hircus] 0

NP_991362 5 Diacylglycerol O-acyltransferase 2 [Bos taurus] 0
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fat-related genes and might originate in the yellow marrow

consisting mainly of fat cells. The most highly represented

transcript in the EST collection was MSTP008 (http://

www.ncbi.nlm.nih.gov/protein/AAQ13510), but there exist

almost no research reports on its functions. NCBI reports

that it is also known as SCD stearoyl-CoA desaturase

(SCD), which may suggest that these transcripts have

similar functions. SCD (consisting of 79 ESTs) is a delta-9

fatty acid desaturase that converts saturated fatty acids into

monounsaturated fatty acids (MUFAs). These MUFAs

are key substrates for the formation of complex lipids,

such as triglycerides, cholesterol esters, wax esters and

Fig. 2 GO classification of

unigenes. The bar chart shows

the distribution of ESTs among

three principal GO categories:

cellular location, molecular

function and biological process

Table 3 The COGs

classification of unigenes
Class definition Number Percent

Translation, ribosomal structure and biogenesis 79 22.70

Posttranslational modification, protein turnover, chaperones 54 15.52

General function prediction only 43 12.36

Energy production and conversion 39 11.21

Lipid transport and metabolism 30 8.62

Carbohydrate transport and metabolism 17 4.89

Coenzyme transport and metabolism 16 4.60

Signal transduction mechanisms 11 3.16

Transcription 8 2.30

Inorganic ion transport and metabolism 8 2.30

Function unknown 8 2.30

Nucleotide transport and metabolism 6 1.72

Replication, recombination and repair 6 1.72

Amino acid transport and metabolism 5 1.44

Cytoskeleton 4 1.15

Cell wall/membrane/envelope biogenesis 3 0.86

Secondary metabolites biosynthesis, transport and catabolism 3 0.86

Intracellular trafficking, secretion, and vesicular transport 3 0.86

Chromatin structure and dynamics 2 0.57

RNA processing and modification 2 0.57

Cell motility 1 0.29
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diacylglycerols. Additionally, increased cellular SCD

activity has been suggested to influence fatty acid parti-

tioning by promoting fatty acid synthesis while decreasing

oxidation [44]. The second most highly represented tran-

scripts were cytochrome c oxidase subunit I (60 ESTs) and

subunit III (55 ESTs). Cytochrome c oxidase is the terminal

complex of the mitochondrial electron-transport chain. As

the last key enzyme in the respiratory electron-transport

chain of mitochondria, cytochrome c oxidase plays an

important role in ATP generation by oxidative phosphor-

ylation. In mammalian tissues, the holoenzyme is made up

of 13 separate subunits, and the largest three of these

(subunit I, II, III) are encoded by mitochondrial DNA,

forming the functional catalytic core of the enzyme

[45–47]. Both subunits I and III are more expressed in Sika

deer bone marrow, suggesting their important roles in ATP

generation during fat metabolism, as well as cell differ-

entiation. Adipocyte-type fatty acid-binding protein

(A-FABP) and adiponectin were also highly expressed.

A-FABP belongs to the fatty acid-binding protein super-

family in which members have relative molecular masses

(Mr) of *15,000, and it is highly expressed in adipose

tissue. It is a predominantly cytosolic protein of mature

adipocytes, accounting for *6% of total cellular proteins.

Table 4 KEGG classifications

of unigenes
Category Number of

unigenes

Number of pathways

mapped

1. Metabolism 326 (37.69%)

Amino acid metabolism 51 11

Metabolism of other amino acids 14 3

Biosynthesis of polyketides and nonribosomal peptides 2 1

Biosynthesis of secondary metabolites 3 1

Carbohydrate metabolism 88 14

Energy metabolism 59 5

Glycan biosynthesis and metabolism 12 7

Lipid metabolism 50 11

Metabolism of cofactors and vitamins 17 9

Nucleotide metabolism 1 1

Xenobiotics biodegradation and metabolism 29 10

2. Genetic information processing 105 (12.14%)

Folding, sorting and degradation 30 6

Replication and repair 11 5

Transcription 6 3

Translation 58 3

3. Environmental information processing 76 (8.79%)

Membrane transport 13 4

Signal transduction 50 12

Signaling molecules and interaction 13 4

4. Cellular processes 174 (20.11%)

Cell communication 25 4

Cell growth and death 14 4

Cell motility 11 1

Endocrine system 75 7

Immune system 35 9

Nervous system 9 2

Sensory system 5 2

5. Human diseases 238 (27.51%)

Cancers 73 13

Immune disorders 7 5

Infectious diseases 16 2

Metabolic disorders 1 1

Neurodegenerative diseases 141 6
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This protein may be an important regulator of systemic

insulin sensitivity and lipid and glucose metabolism [48].

Adiponectin, an adipocyte-derived hormone, has been

shown to have potential therapeutic applications in obesity,

cardiovascular disease, and diabetes because of its influ-

ence on glucose and lipid metabolism. It is also found in

bone marrow, with the potential to have an inhibitory effect

on adipocyte differentiation, regulate some of the earliest

events in blood cell formation and mediate functional

responses involving hematopoietic cells [49]. In addition,

thymosin beta 4 (Tb4), which contains 15 ESTs, is a low

molecular weight protein present in all cells except

erythrocytes and has been demonstrated to promote corneal

re-epithelialization, reduce inflammation and inhibit

apoptosis. It may be used as a wound healing and anti-

inflammatory agent for clinical application to promote

corneal healing and properly modulate the inflammatory

response in cases ranging from routine corneal injuries,

such as abrasions and recurrent erosions, to more severe

inflammatory-mediated pathologies [50].

Among the ESTs produced, we also obtained the vas-

cular endothelial growth factor-A (VEGF-A) and heparin-

binding growth-associated molecule (HB-GAM) genes,

which are of great importance for angiogenesis research

and have been proven to be regeneration factors involved

in rapid angiogenesis during red deer antler growth [51].

VEGF-A, a member of the VEGF family, is an interesting

inducer of angiogenesis and lymphangiogenesis because it

is a highly specific mitogen for endothelial cells. Signal

transduction involves binding to tyrosine kinase receptors

and results in endothelial cell proliferation, migration, and

new vessel formation [52]. It is expressed during articular

cartilage growth, becomes quiescent at maturity, and is re-

expressed in osteoarthritis [53]. HB-GAM, which is also

known as PTN, OSF-1, HARP, and HBNF [54], is a hep-

arin-binding, secretory protein that functions to induce

mitogenesis, angiogenesis, differentiation, and transfor-

mation and has a vital role in neovascular formation after

acute ischemic brain injury [55]. New research shows that

pleiotrophin is a secreted growth factor for hematopoietic

stem cells (HSCs) and efficiently promotes HSC expansion

in vitro and HSC regeneration in vivo [56]. Furthermore,

we found some genes that have previously been reported in

human bone marrow, including collagen I (a1, a2), ferritin,

decorin, annexin II, vimentin and tubulin [57, 58]. Their

relative abundance suggests that they encode proteins with

important roles in the biology of bone marrow.

In each of the three main categories (cellular location,

molecular function and biological process) of the GO clas-

sification, ‘‘cell’’ and ‘‘cell part’’, ‘‘binding’’ and ‘‘cellular

process’’ were dominant, as expected. We also noted a high

percentage of genes from the categories ‘‘organelle’’, ‘‘cat-

alytic activity’’, and ‘‘metabolic process’’, but only a few

genes from the categories ‘‘extracellular matrix part’’,

‘‘antioxidant activity’’, ‘‘metallochaperone activity’’, and

‘‘multi-organism process’’. It was particularly interesting

that the ‘‘catalytic activity’’ and ‘‘metabolic process’’ cate-

gories were overrepresented. This may be related to a large

number of enzymes involved in fat metabolism and cell

differentiation in the bone marrow. However, in the cellular

location category, we did not find any genes in the clusters of

‘‘symplast’’, ‘‘synapse’’, ‘‘synapse part’’, ‘‘virion’’ or ‘‘virion

part’’. In the molecular function category, there were no

genes in the ‘‘auxiliary transport protein’’, ‘‘chemoattrac-

tant’’, ‘‘chemorepellent’’, ‘‘nutrient reservoir’’, ‘‘proteasome

regulator’’, or ‘‘protein tag’’ categories. In the biological

processes category, ‘‘anatomical structure formation’’, ‘‘cell

killing’’, ‘‘death’’, ‘‘locomotion’’, ‘‘reproduction’’, ‘‘repro-

ductive process’’, ‘‘rhythmic process’’ and ‘‘viral reproduc-

tion’’ genes were not found. The GO analysis suggested that

the ESTs we obtained exhibited a wide coverage of the

cellular location, molecular function and biological process

categories but were mainly related to genes involved in

cellar structure and metabolism.

To further evaluate the completeness of our transcrip-

tome library and the effectiveness of our annotation pro-

cess, we searched the annotated sequences for genes

involved in COGs classifications. In total, out of 888 nr

hits, 412 sequences had a COG classification. Among the

21 COGs categories, the cluster for ‘‘translation, ribosomal

structure and biogenesis’’ represented the largest group (79,

22.70%) followed by ‘‘posttranslational modification, pro-

tein turnover, chaperones’’ (54, 15.52%) and ‘‘general

function prediction only (43, 12.36%)’’. The following

categories: chromatin structure and dynamics (2, 0.57%),

RNA processing and modification (2, 0.57%) and cell

motility (1, 0.29%) represented the smallest groups.

To identify the biological pathways that are active in the

marrow of Sika deer, we mapped the 888 annotated

sequences to the reference canonical pathways in Kyoto

Encyclopedia of Genes and Genomes (KEGG). In total, we

assigned 865 sequences to 156 KEGG pathways. The

pathways with the most representation among the unique

sequences were the ribosome pathway (51 members),

Parkinson’s disease pathway (47 members), oxidative

phosphorylation pathway (46 members), Huntington’s

disease pathway (44 members) and Alzheimer’s disease

pathway (42 members). These results suggest that both the

ribosome and oxidative phosphorylation pathways may be

closely related to neurodegenerative diseases. Thus, they

can be utilized not only for gene discovery, but also for

studying neurodegenerative diseases. These annotations

provide a valuable resource for investigating specific pro-

cesses, functions and pathways in Sika deer research.

Despite the fact that a greater number of ESTs is

required to have a good chance of finding any gene that is
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of interest and that it will likely take several years before

this number can be achieved, we have decided to report the

existing number of ESTs. This sequence information is

important to the scientific community because the Sika

deer genome has not been fully sequenced, and these data

are not currently available in the public databases. Further

study on this subject is required and will greatly expand our

comprehensive understanding of the biological functions of

the Sika deer. The results presented in this study could be

considered a first step toward genomic and transcriptomic

investigations of Sika deer.

Conclusion

This study is the first attempt to define and identify over

2,000 genes in Sika deer. A summary of the assignment of

non-redundant ESTs to functional categories, as well as

their relative abundances, are listed and discussed in this

report. This collection of ESTs represents a starting point

for studies in a number of different fundamental and

applied areas. The EST sequences generated in this study

will be a source of gene-targeted and tissue-specific

markers. The dataset will also provide a useful resource for

functional genetics studies and genetic divergence studies

in Sika deer. This study demonstrates that the EST

approach can be a very rapid and useful method for iden-

tifying genes that will help in understanding unique fea-

tures of the biology of organisms of interest. From a wider

perspective, only 727 Sika deer ESTs were available in the

public databases at the time of submission of this paper.

Therefore, the EST data described here represent an

important contribution to the publicly accessible sequence

data available for Sika deer.

Acknowledgment This work was supported by the National Key

Technology R&D Program of China (No. 2007BAI38B06).

References
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