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Abstract:

Deer antler not only provides an animal model for
studying mammalian tissue regeneration but also is a
highly economic product used in traditional Chinese
medicine and nutrients. Through selective breeding
and natural mating study suggested that the high
yielding of velvet antler is a genetic related trait.
Recently, a rapid and economical DNA microarray
approach has been applied in high-resolution mapping
the quantitative trait loci (QTL) of in some animals
but not yet including deer species.

Specific Aims:

1. Establishing the first generation DNA chip for
cervidic genomic microarray

2. Analyzing the copy number changes (CNCs) related
to the QTL of deer antler growth.

Methods:

1. Blood collection and isolation of blood genomic
DNA from 30 heads of Sambar.

2. Selecting 10000 muntjac BACs containing more than
80 kb insert.

3. phi29 polymerase amplifying the BACs and spotting
on the slide to generate the cervid-specific BAC
microarray.

4. CNCs analyses of deer with different production of
velvet antler using the home-made microarray.

5. BAC-end sequencing the candidate BACs and blast
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the sequence similarity with bovid reference
sequences.

Results:

1. We had constructed the first cervid-specific BAC-
based microarray.

2. We used the homemade microarray to analyze the
CNCs related to antler production efficiency. We
found the CNCs of 14 BACs.

3. Among 14 BACs, 6 BACs corresponding gene have
highly related to antler growth.

Significances:

The results of this study suggested that the
analyzing system of CNC (BAC-based aCGH) is feasible.
The home-made first cervid-specific BAC-based
microarray provides useful and powerful cervid chips
for the selection of * giant antler breed . In the
future, further exploring these candidate genes, 1t
will elucidate the genomic factors affecting the
annually regeneration of deer antler and shed more
lights on the mechanism of complete bone tissue re-
growth which has great potential in rehabilitated
medicine.

deer antler, aCGH chip, copy number changes, Indian
munt jac BAC library
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Introduction and literature review:

Deer antler not only provides a model for studying mammalian tissue regeneration but also is
a highly economic product used in traditional Chinese medicine and nutrients. To raising the
antler production, there are several strategies applied in farm such as interspecies hybrids,
selective breeding, hormone control, nutrition, and day-length control etc. (Li, et al. 2001; Price et
al. 2005; Suttie et al. 1989; Du and Bai 2007). Through selective breeding and natural mating,
the progeny always inherited high production of velvet antler from buck parent with high
production of velvet antler (Wu, % & & 7| 44 #p). This suggested that the high yielding of velvet
antler is a genetic related trait. Although, understanding the genes underlying important
economical traits and quantitative traits is the basic footstone for breeding of farmed animals.
Unfortunately, little genomic information is available in deer species.

Recently, a rapid and economical DNA microarray approach has been applied in
high-resolution mapping the quantitative trait loci (QTL) of Drosophila (Lai et al. 2007). This
result showed 18 QTLs affecting the variation in lifespan of Drosophila. Additionally, SNP
microarray and aCGH chip has been used extentively in studying the SNPs and copy number
changes (CNCs) related to the complex disease of human, since human genome sequences almost
complete (Redon et al. 2006).  All DNA chips are based on the informative genome sequences
of species. However, the genomic information of deer species is few and no complete whole
genomic sequences of deer is available in any public gene bank.

There are 3 species of indigenous deers in Taiwan (Formosan sambar, Formosan sika deer,
and Formosan muntjac). Formosan sambar and Formosan sika deer have high economic value
for antler production in Asian area. There have been some studies regarding the morphology,
ecology, behavior, habitat, reproduction and breeding of these deer species reported (1§ frf 1994;
X et al. 2004; 2 et al. 2008; Chan et al. 2009). However, the genomic study of Formosan
sambar and Formosan sika deer is few except of Formosan muntjac (Lin et al. 2004 and Chiang et
al. 2004). Understanding the genomics of Formosan sambar and Formosan sika deer is a
fundamental and beneficial subject for improving this agricultural resource and for understanding
the mechanism of annually re-growth of deer antler. The first step of studying the genome of an
organism is to characterize its karyotype. In our preliminary study, we have identified
karyotypes of 3 indigenous deer species in Taiwan (Lin et al. 2004; Chiang et al. 2004;
unpublished data 2011). Furthermore, the karyotypic comparison among sambar, sika deer, and
muntjac has been achieved by G-banding and cross-species FISH analysis (appendix).
Additionally, we had constructed the Indian muntjac genomic BAC library with 4x coverage (Lin
et al. 2008). Based on these resources, in this study, we established the 10000 cervidae-specific
BAC-based array CGH chip for mapping the QTL related to the annual re-growth of deer antler.
Furthermore, we got 14 BAC clones with differential copy numbers between high and low antler
production of deer in this study.

Specific Aims:
1. Establishing the first generation DNA chip for cervidic genomic microarray using muntjac
(cervidae family) BAC clones (BAC libray).
2. Analyzing the copy number changes (CNCs) related to the QTL of deer antler annual
re-growth using the generated cervidic BAC-based array CGH chip.
3.
Materials and methods:
Blood collection and isolation of blood genomic DNA:
The morphology or phenotype of deer species were determined by veterinarian (an Associate-PI in
this project) and farmer. 30 Sambar deer were divided based on the 3 different production of antler
(high, normal and low). The blood collection was performed by veterinarian. The isolation of
blood genomic DNA was performed using whole genomic DNA isolation kit (QUIAGEN).
Screening and selecting BACs within the candidate chromosomal regions with CNCs.
According to the results of chromosome-based cross-species CGH, the candidate chromosomal
regions with CNCs was identified. Based on our BAC-FISH map, the BACs in the candidate



chromosomal regions were selected. All selected BACs were BAC-end sequenced and analyzed
first to make sure the BACs with unique DNA sequences. The BAC-end with unique DNA
sequences was selected for primer designation. Subsequently, we will perform BAC library
screening for several rounds to get contiguous BACs in the candidate chromosomal regions by
PCR-screening using the primer pairs in the BAC-end. The physical position of BACs with positive
PCR signals were confirmed by cytogenetic FISH mapping.

Amplification of BACs and generating the BAC-based microarray chip:

10000 BACs containing more than 80kb insert DNA were extracted using the Qiagen R.E.A.L. Prep
96 Plasmid kit and amplified by phi29 polymerase using Ex0-resistant random primers in separate
reactions as described (Fiegler et al. 2003; Thomas et al. 2003). Two ug of amplified BACs were
resuspended in 10 ul of 100mM Sodium phosphate solution and spotted onto Corning UltraGAPS
slides using an OmniGrid Accent Microarrayer (GeneMachine) with 16-printing pins. Array chips
were then subjected to a series of validation procedures described elsewhere (Thomas et al. 2003),
including self-self and sex-mismatch hybridizations with germline DNA isolated from Sambar with
normal karyotype and normal antler production.

CNCs analyses of deer with different production of velvet antler

Test (high or low antler production) and reference (normal antler production) DNA probes were
labeled with Cyanine3-dCTP or Cyanine5-dCTP (Perkin Elmer) as required, using a BioPrime Array
CGH Labeling System (Invitrogen) following the manufacturer’s recommendations. Hybridization
was performed as described (Li et al. 2006).  Arrays were scanned using a GenePix4000B at 10-pm
resolution and analyzed with GenePix Pro 4.1 (Axon). Each spot position was automatically located,
and manual adjustments were made as necessary. Spots with poor morphology and those impinged by
fluorescent debris were excluded from further analysis. In each instance a minimum of 98% of clones
need to pass the exclusion criteria. Fluorescence intensities were calculated for each spot after local
background subtraction, and normalized to a mean 1:1 ratio on the autosomal clones; ratios of
normalized values were than established. The mean fluorescence ratio of each duplicate were then
converted to a log2 ratio in order to weight genomic gains and losses equally, and plotted graphically.
Following standard conventions for CGH analysis, clones demonstrating a test:reference fluorescence
ratio greater than 1.25:1 (gain) or less than 0.75:1 (loss) were classed as CNCs. Dye-flip aCGH also
was performed for each test deer. The significant CNCs with antler production efficiency were
scored by comparing CNCs from 3 different groups (high vs. normal antler production; low vs.
normal antler production; and high vs. low antler production) under no prior knowledge of the
expected copy number.

Sequencing the BACs with the candidate CNCs:

The confirmed BACs with the candidate CNCs were full sequenced and blast to the genome
sequences of other species in public available gene bank for orthologous gene similarity assay.
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Results and discussions:
Karyotype of Sambar deer:

We had collected and finished the karyotype analysis of 32 sambar blood samples. ~ The tested
sambar has the complete karyotype of sambar species, with exception of one deer having a hybrid
karyotype from red deer. We will exclude this sample for the next experiment. The complete
karyotype of Sambar deer has 2n=62 chromosomes with 4 pairs of bi-armed autosomes, 26 pairs of
acrocentric autosomes, the large X chromosome, and the smallest bi-armed Y chromosome (Figure 1).
The genomic DNA of 31 Sambars has been isolated for the next aCGH analysis.
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Figure 1: The karyotype of Formosan sambar deer by GTG-banding.

Fabrication of the first generation cervid specific BAC-based microarray:
We chose 10000 IM-BAC clones containing more than 80kb insert DNA. After purification and



amplification of BACs, BACs were spotted onto Corning UltraGAPS slides using an OmniGrid
Accent Microarrayer (GeneMachine) attached with 32-printing pins. The part of the spotting
experiment was conducted by the Microarray Core Facility, Institute of Molecular Biology, Academia
Sinica. However, there was a problem of washing station causing the diffusion of spots in the first
printing (Figure 2A). The diffusion problems of spots had been solved in the second printing
(Figure 2B).

A:

Figure 2: The first generation cervid specific BAC-based microarray covering 10000 BACs. Each
BAC was spotted on the amine-silane slide (Corning UltraGaps Coated slides) by OminGrid attached
with 32 quill pins. There are 32 subarrays and each subarray has 324 dots (18*18 dots). The dot
spacing is 250 um in horizontal and 250 um in vertical. A: the prescanning picture of the first printing
chip. B: the prescanning picture of the second printing chip.

CNCs analyses of deer with different production of velvet antler

We used the homemade cervid specific BAC-based microarray to analyze the CNCs related to
antler production efficiency. 3 groups of deer were categorized into high, normal, and low
production of antler. The significant CNCs with antler production efficiency were scored by
comparing CNCs from 3 different groups (high vs. normal antler production; low vs. normal antler
production; and high vs. low antler production).  There are 14 BACs with significant copy number
differences between deer with high vs. low antler production.
Sequencing the BACs with the candidate CNCs:

We further sequencing the both BAC-end of 14 candidate BACs and blast their sequences with



cow reference sequences. The results (Table 1) showed two BACs (1212H12 and 1207H1) are
related to osteochondrocyte development; 1208H9 is related to the multicellular organismal
development; 3 BACs (1212B7, 1206H8, and 1205ES) are related to nutrient absorption and cell
growth. These correspond genes are related to antler growth. Therefore, this result suggested the
analyzing system of CNC (BAC-based aCGH) is feasible.

Clone number Correspondent to cow gene

1213D8 Resolvase-like gene

1213B7 Spermatogenesis-associated proteinl3 isoforml
1212B7 Solute carrier organic anion transporter family 3A1 member
1212G4 Resolvase-like gene

1212H12 Dymeclin

1210D7 Receptor expression-enhancing protein 3
1208B8 Unrelated

1208H9 PREL1 domain-containing protein 2

1208F1 Unrelated

1207H1 Protein osteopotentia homolog isoform 2
1206H8 Cytosolic B-gluosidase

1205B4 Teashirt homolog 3

1205E8 Nicotinamide phosphoribosyltransferase
1205F4 Uncharacterized proteins

In the future, we need to confirm the CNCs of these candidate genes on more deer by real-time
PCR. Ifwe could find more candidate genes related to antler growth, 1. we can make a powerful
chips in selection breed of deer species with high antler production; 2. we can shed more lights on the
mechanism of annually regeneration of deer antler.
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