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ABSTRACT

In order to investigate the molecular mechanism of black-traits in the black-bone sheep,
differential mRNA fingerprinting by prerential coding sequences amplification method was used
to analyze the differential gene expression in live, heart, pancrease and lumbar muscle between
the black-bone sheep and the Lanping native sheep, respectively. Seventy-one expressive sequence
tags were obtained between the black-bone sheep and the Lanping native sheep. The results
showed that the black-trait of black-bone sheep was controlled by major genes, as well as minor
genes based on many differential expressive fragments. and also showed among positive expressive
sequence tags 1n the black-bone sheep, one KST had high similanty (99%) to gluttathion-s-
transferase of human (GSTs),
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INTRODUCTION

The discovery and distribution of Black-bone Sheep were reported firstly and described their
living environment, color and anatomy characteristics and the amount of eumelanin deposited in
various organisms (Mao et @l., 2005) and mature black-bone sheep represent the characteristic, the
muscle, bone surface (periosteum), kidney, inner skin, heart, lung and trachea of black-bone sheep
showed apparently dark color compared with mature normal sheep that grazed in the same pasture
(Deng ef al., 2006). Both black sheep and normal sheep are the same single breeding population
{the phylogeny of Lanping indigencus species, 1996). The larger amount of eumelanin was
deposited in black-bone sheep, frequently the sheep clearly represented the black traits
(Mao et al., 2005; Yang et al., 2006).

Melanin was distributed widely in varicus organisms including bacteria, fungi, plants and
animals (Wang and Hebert, 2006; Deng et al., 2008). It was generally accepted that melanin
pigment in human plays an important photoprotective role (Kollias ef al., 1991; Sarna, 1992;
Crilehrest ef al., 1998) and acted as a cellular antioxidant (Ostrovsky et al., 1987) and quench
electronically excited states (Sarna ef al., 1985), as a result melanin protect cells against oxidative
stress (Maresca ef al., 2008). Oxidation of melamin and its irreversible bleaching also followed
experimental aerchic irradiation of melanin with ultraviclet or visible light, which leads to the
formation of superoxide animo and hydrogen peroxide (Chedekel et al., 1978; Korytowski and
Sarna, 1990). Melanin pigment is considered as an effective cleaner in that it can change O™ into
H, 0O, (Baldea et al., 2009) and reduce damage on biological body and ean be a novel medical vector
to cure the disease relevant with melanin, such as Parkinscnism (Doublea et al., 2009) and
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Alzheimer's disease (Wang et al., 2006). Melanin play a key role in protecting our skin from
damaging effects of UUV radiation and in preventing skin cancer (Gray-Schopfe et al., 2007).
Meanwhile melanin pigment can suppress apptosis induced by flu virus and resist HIV wvirus

{(Mandal et al., 2005).

MATERIALS AND METHODS
The study began at June 2004, ending at May, 2009,

Animals: A group of healthy sheep including 7 black-boned sheep and 4 Lanpin native sheep were
grazed in the same pasture and slaughtered in the same time. All samples were kept fresh and
stored in liquid nitrogen.

RNA extraction: Total RNA was isolated from each sample using the Trizol reagent methods
{Gibeo-BRL, Gaithersburg, MD, USA). Minor DNA among the total ENA was digested using Dnase
{Promega, Madison, WI, USA) (Liang and Pardee, 1992). Total RNA of each species was pooled and
adjusted to a final concentration of 0. 24 pg pL™"

RT-PCR: The reaction (20 uL total velume) synthesizing the first ¢DINA strand contained 0.48 ug
total RNA, B0 mm Tris-HCl (pH 8.3), 40 mm KC1, 7 mm MgCl,, 10 mm DTT, 20 mm dNTPF and
200 pm of each 3'-end anchored primer (Table 1). The mixture was incubated at 65°C for 5 min,
followed by 37°C for 10 min, at which 100 U of M-MLV reverse transcriptase (Promega) was mixed
in the reaction was hold at 37°C for 1 h, followed by 75°C for 5 min.

The primers listed in the Table 2 were synthesized and used in the mRENA differential display
was described by Fuchs ef al (2000). A total of 16 primer combinations (T able 2) were developed,
each of which comprised of 4 upper random primers and 4 lower random primers. The temple ¢cDNA
was amplified in the total volume of 20 pl. by this method. The PCR mixture contained 2 pLi of
reverse transeription product, 10 mm Tris-HC1 (pH 9.0, 50 mM KCL, 1.5 mm MgCl,, 20 mm dINTPs,

Table 1: Primer sequences using for M-MLV reverse transcriptase

Primer Sequence

H-Ty,G (2 pM): 5-AAGCTTTTTTTTTTTG-3
H-T1;C (2 pM): 5-AAGCTTTTTTTTTTTC-3'
H-Ti;A (2 pM): 5-AAGCTTTTTTTTTTTA-3'

Table 2: Primer sequences using for mRNA differential display

Primer Sequence

3'upper primers

P, 5-GGATCCNNNATGA-3
P 5-GGATCCNNNATGT-3
P 5-GGATCCNNNATGG-3
P, 5-GGATCCNNNATGC-3
5'lower random primers

o 5-GAATTCNNNTCGA-3
D, 5-GAATTCNNNGCGC-3
D; 5-GAATTCNNNGGCC-3
o, 5-GAATTCNNNCCGG-3
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200 pM upper random primers and lower random primers and 1 pl. Tag DNA polymerase
{Promega). The cycling reaction was denatured at 94°C for 5 min, followed by 35 cycles of 30 sec
at 94°C, 60 sec at. 40°C, 90 sec at. 72°C. The final cycle was followed by an extension step at 72°C
for 7 min.

Electrophoresis: The PCR products were separated on 4% denaturing polyacrylamide sequencing
gels (0.4 mm thick) in a temperature-regulated Bio-Ead sequencing System (Bio-Rad, Fullerton,
CA, UBA) at 50°C. Gels were stained with silver and photographed.

To decrease the number of false-positive ¢cDNA fragments, the PCR amplification was
repeated twice in the same electrophoretic condition and only selected the fragment between
200 and 1000 bp which were detected 1n two reactions.

Statistical analysis: The identification of differential displayed fragments was obtained by
homology search from the Blast results using the differential expressed fragements from Genebank
database in NCBI (the National Center for Biotechnology Information) on
http:/fwww.nibi.nith.nlm.gov. Generally, the criteria for scoring a sequence as having a significant,
match were similarity more than or equal with 70% or E-value less than or equal with 1e™'"in an
overlapping region of at least 70 bp Davoli ef al. (1999).

Northern blot analysis: Poly A'RINA was extracted using a Poly (AT) mENA isolation kit
{Progema). Two microliter of each polyA" RNA sample was analyzed by electrophoresis through
denaturing gels (0.5% agarocse/0. 66 M formaldehyde). The gels were blotted using the standard
Northern blotting procedures, then hybridized using differential expressed plasmid DNA fragments
described above as the probe.,

RESULTS

Patterns of differential expressed fragments: A total of 71 ¢cDNA fragments were amplified
from four different tissues of black-bone sheep and Lanping native sheep using 16 primer
combination comprised of four different 3'-end and four different 5'-end random primers under the
same electrophoretic condition. The differential display ¢cDINA fragments showed both quantitative
and qualitative differences. For accurately comparing differential display between black-boned
sheep and normal sheep, differential fragments expressed ¢cDINA bands fell into two categeories
{Fig. 1a, b): 1: bands only detected to appear in black-boned sheep, 2: bans only detected to appear
in normal sheep. Part results of alignment can be seen on Table 3.

0] (i) (iii) (iv)
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Fig. 1: Patterns of differentially displayed ¢cDINA between black-bone sheep and normal indigious
sheep (a) quantitative difference bands and (b) quantitative difference bands. B: Black-bone
sheep, N: Lanping native sheep; i: bands detected only in black-bone sheep; ii: bands
detected only in Lanping native sheep; iii: bands showing the higher quantitative difference
in black-bone sheep than normal indigicus sheep; iv: bands showing the higher quantitative
difference in Lanping native sheep than black-bone sheep. Blast of sequences was completed
on http:./fwww.nibi.nih.nlm.gov/blast
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Table 3: The sequencing and alignment part results of differential expressed fragments

DDFN Source of tissue Result of hybridization Homology of No. Prediction of function
DDF1 Pancrease B gi| 601450 | gb| T19407.1 | Glutathione

DDF2 Liver B gi| 14414962 |gb |BI010891.1 | Tumor inhibitor
DDF3 Heart B gi| 14414971 |gb |BI010900.1 | Tumor inhibitor
DDF4 Liver B unknown

DDF5 Liver B zi | 32044967 | emb | BX508100.1 | Relation of cancer
DDF6 Lumber N unknown

DDF7 Pancrease B zi| 14414962 | gb |BI010891.1 | Inhibitating the tumor
DDF8 Pancrease B gi| 14414971 |gb |BI010900.1 | Tumor inhibitative

DDFN: Differential displayed fragments of No. B: Bands ouly detected in black-bone sheep bot not detected in normal indigicus sheep
through the Northern blot hybrization. N: Bands ouly detected in normal indigenious sheep but not detected in black-bone sheep through
the Northern blot hybrization. Homology of No.: The greatest similar sequences of No. in the Genbank of NCBI found through using the

Blast software

DISCUSSION

Experimental data presented in this study demonstrated that there were differential expression
genes between black-bone sheep and Lanping native sheep, as a result the black-trait character
of black-bone sheep was controlled by major genes, as well as minor genes, which is probably
relevant with the formation of the melanin and affact the deposition of the amount of melanin in
the body of black-bone sheep. The same result represented in the study of black spotting in pigs
{(Kijas et al., 2001), the human beings (Reid et al., 1995) and mouse pigment (Jackson et af., 1994).

Four differential fragments (DDF2, DDF5, DDF7, DDF8) have high homology with genes
related with the cancer and tumor. Previous studies shows that melanocytes have the key role in
preventing skin cancer (Gray-Schopfer et al., 2007) and the presence of melanin pigment is a
valuable indicator with which to justify the diagnosis of melanoma, cell melanoma can provide
useful clues to tumor crigin (Piaoc et al., 2007; Quintana et al., 2008),

The differential fragment No. 1 DDF1 have most homology with the Glutathione 5 transferase
(Expect = 2e-49, Identities = 498/504 (99%)), based on the former research, the greater amount of
eumelanin were deposited in the black-bone sheep than in Lanping native sheep (Yang et al,,
2006). The procession of melain synthesis begins with the tyrosinase catalysed conversation
of tyrosine to the dopaquinone. the spontaneous conversation of dopaquinone to 3,
4-dihydroxyphenylanineor dopachrome (Aroca et al., 1992). As a result, both eumelanin and
pheeomelanin are dedrived from the common precursor dopaquinone that is formed by tyrosinase
oxidation of tyrosine. The glutathione-S-transferase acting as highly reactive intermediate play the
role in the transferation from depaquinone and in the absent of thiol compounds it undergoes
intramolecular cyhzation, leading eventually to the products of eumelanin. However, intervention
of thiols such as eyteine with its process give rise exclusively to thicls adducts of Dopa, termed
cycleinydopas, among which 5-s-cysteinvldopa is major isomer (Landand Riley, 2000). The
glutathione-S-transferase transfer the-SH to develop and form the dopachrome and the larger
amount of eumelanin was deposited in black-bone sheep, as a frequent the sheep clearly
represented the black traits.
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