Structural Characterization of Alternative Splicing Variants of Stem Cell Factor gene in the skin of Goat (Capra hircus)
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Abstract: To investigate the role of stem cell factor (SCF) in melanogenesis , the caprine SCF cDNAs in skin tissue of black and white taihang goat were amplified, cloned and sequenced. Three splice variants were identified in the skin of goat. The shortest splices  (2a ) is formed by alternative spliced in retaining the intron 5. The role of splice 2a in the melanocyte of the caprine skin is unknown. The phylogenetic tree based on the genetic distance among species is similar to the taxonomy. Three splices of caprine SCF mRNAs are formed by alternatively spliced due to the insertion/deletion of exon 6 or retaining of intron 5.
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Introduction 
Stem cell factor (SCF) also known as steel factor (SLF or SF), mast cell growth factor (MGF) or kit ligand (Kitl, KL or KITLG) binds to c-Kit receptor or stem cell factor receptor (SCFR) 1


[ ADDIN EN.CITE ]
,the product of the c-kit gene. SCF is encoded by the steel (sl) locus while KIT is encoded by dominant white spotting (W) KIT locus in the mouse 2


[ ADDIN EN.CITE , 3]
. SCF plays an important role in melanocyte development and melanogenesis 4


[ ADDIN EN.CITE , 5]
. SCF is produced as transmembrane proteins that are released by specific proteolytic cleavage to generate soluble factors 6-8


[ ADDIN EN.CITE ]
. The alteration of the balance between the membrane-bound and diffusible forms may lead to phenotypic abnormalities as previously reported in dominant white spotting or the steel loci which are among the most studied mutations in mouse9[]
. The membrane-bound SCF/c-Kit signaling plays a pivotal role in mammalian hair follicle melanogenesis during cyclic anagen phases, resulting in hair follicle pigmentation 10


[ ADDIN EN.CITE ]
. 
The SCF has two membrane-bound protein products in the incidence of alternative splicing. To date, two alternatively spliced forms of SCF mRNA have been reported in the mouse: the full-length form and an alternative form lacking exon 6, which produces a 28aa deletion. Exon 6 codes for an extracellular cleavage sites, which is susceptible to proteolytic cleavage by proteases. The variant of SCF mRNA containing exon 6 will produce a membrane-bound isoform, designated as SCF-1 (KL-1) or (+) form, which is cleaved by proteases to generate a soluble form of the factor. The other splice variant, lack of exon 6, will produce a stringent membrane-bound protein, known as SCF-2 (KL-2) or (-) form 7


[ ADDIN EN.CITE , 8, 11, 12]
. 
Three isoforms have been identified and documented for human and mouse SCF genes in GenBank and Ensembl. In goat, there exists only one mRNA sequence , SCF-1(+ form), from caprine brain（5400bp, Acc. No. AB002152）and one partial records of SCF genomic DNA sequences, stem cell factor MGF26 gene (779bp, Acc. No. AF165796), coding region not determined. The larger SCF mRNA encodes a protein of 274aa (BAB71753), known as soluble form (SCF-1/b). While the shorter mRNA gives rise to a protein, known as “memnrane-bound” isoform (SCF-2/a) that lacks 28aa, including one of the four N-linked glycosylation sites in the C-terminus of the soluble SCF, as well as the protease recognition site 9[]
. 
Coat color and patterns is an important trait and reflects breed standards for domestic animals. Mutations in either SCF or Kit in mice lead to the absence of melanocyte populations in the skin and inner ear, sterility, anaemia, mast cell deficiencies and in some cases non-viable individuals
 ADDIN EN.CITE 
[6, 13, 14]
. The present study is focus on isolation of SCF gene and knowledge of their alternative splicing and structure to study the regulation of gene expression in the caprine melanocyte biology and coat color.
Materials and methods

Collection of Skin Biopsies and blood
Skin biopsies were collected from six white and black animals of the Taihang goat, and immediately frozen in liquid nitrogen for RNA extraction. Blood samples were collected from the jugular vein of the same individuals with syringe, processed immediately in the lab and stored at -80℃.
DNA and RNA isolation and cDNA Synthesis
Genomic DNAs were isolated from blood samples with phenol-chloroform method. Total RNA was extracted from the stored skin biopsied according with the manufacturer’s protocol (Transgene, Beijing, China). First-strand cDNA was synthesized from total RNA using MMLV reverse transcriptase and an oligo d(T)18 primer (Takara, Dalian, China), and cDNAs were stored at -20℃. Reverse Transcription (RT) from 1.2-1.5ng of RNA in a total volume of 50μl containing 5 pmol oligo（dT）18, 0.5mM deoxyribonucleoside triphosphate (dNTPs) , 1×RT buffer, 1 U of RNase inhibitor and 5 U Reverse Transcriptase according to the manufacturer’s instructions. The reaction was incubated for 60min at 42℃ and then heated at 70℃ for 15min, and cooled on ice. The DNA and cDNA concentration was determined using Nanodrop 2000 instrument. The nucleotide acid concentration was diluted to 10ng/μl or 50ng/μl for PCR amplification.

PCR Amplification,cloning and sequencing
The PCR reactions were performed in 50 μl volume containing 1 x ES Taq MasterMix, 0.4μM gene specific primers and 20-25ng/μl cDNA or DNA. The PCR amplification condition is as follows: denaturation at 94℃ for 5 min, followed by 36 cycles of 94℃ for 30s, annealing temperature for 30s, and a 72℃ for 1min. and a final extension at 72 ℃ for 10min, lastly a hold temperature at 4℃. The specific primers for the amplification of SCF in skins were designed based on the goat (GenBank Acc. No. AB002152) and sheep sequence (GenBank Acc. No. GU386372 and GU386373). All the amplicons were gel purified using Gel Extraction Kit (Sangon, Shanghai, China). Cloning was performed in the TA cloning system (pEASY-T3, Transgen, Beijing, China). The ligated products (5μl) were transformed by heat shock treatment into a competent trans1-T1.Positive colonies were identified using PCR and restriction enzyme digestion according the vector map. The plasmid DNAs were isolated and sequenced by the commercial vendors with M13 forward and reverse primer. Sequences were viewed with sequencing chromatogram view Chromas.
Table 1 Primer for amplification of SCF
	Primer
	Primer sequence(5’-3’)
	Amplification target 
	Amplicon length
	Tm(℃)


	P1F
	GCGCTGCCTTTCCTTATGA
	EXON1-6
	621bp
	59

	P1R
	ATTACTGCTACTGCTGTCATTCCT
	
	
	

	P2F
	GGACTTGGAGATAGTGGCTTC
	EXON5-7
	195/111bp
	53

	P2R
	CCATTGTAGGCTGGAATCT
	
	
	

	P3F
	GATAAGCGAGATGGTGGAA  
	EXON4-10
	761bp
	54

	P3R
	CATGGGTAGCAAGAACAGATAAAG
	
	
	

	P4F
	CGTCCACACTCAAGGGATCT 
	SCF2
	574bp
	62

	P4R
	5' CACACACACGTCTTGTTCTAGC 
	
	
	

	P5F
	CCAGAACCCAGGCAGTTTACTC
	Genomic

 Intron 5
	943bp
	59

	P5R
	ATTACTGCTACTGCTGTCATTCCT
	
	
	


Sequence and structural analysis and Molecular Phylogeny
Bioinformatics analyses were performed with Bioedit software and online programs on NCBI (http://www.ncbi.nlm.nih.gov/) and expasy (http://www.expasy.org/tools).  Multiple alignments of sequences were performed with ClustalW. Distance based neighbor-joining phylogenetic trees were generated using the Molecular Evolutionary Genetics Analysis (MEAG) software v.6.015[]
. The NJ algorithm was implemented with the p-distance, Jukes-Cantor and Tamura-Nei model using a transition+transversion substitution at uniform rates as well with the gamma parameter of 4.09[]
. The reliability of the tree was assessed by percentage of 1000 bootstrap re-samplings.
Results 

Identification and isolation of the Goat SCF cDNA fragment
To examine the SCF variant(s) expressed in the skin of white or black goat, the total RNAs form the skin were transcribed and the synthesized single strand cDNAs were used for PCR. The amplification of SCF gene was carried out using the primers (Table 1). The purified RT-PCR amplification product was then cloned and sequenced. The soluble (+), transmembrane (-) and alternative short splicing form (2a) were amplified from goat skins with white and black coat color. The difference between the soluble and transmembrane is the insertion or deletion of exon 6. The difference between the soluble and 2a is the splice variant. The nucleotides alignment among the three splice variants is shown in Fig.1. The splice variant 2a is produced by skipping of exon by premature termination of transcription and alternative splicing within intron 5(Fig.2). The sequenced chromatogram between exon 5 and 6 from the cDNA and gDNA of goat SCF was shown in Fig.3.  
The sequencing results revealed no differences among white and black clones (GenBank Acc. No. KC794711- KC794713), which appear to be identical (99%) with the previously submitted NCBI GenBank mRNA sequences of caprine SCF (GenBank Acc. No.AB002152) from brain. A exception of transversion at G762T in AB002152 was observed in the coding sequence. The substitution results in an amino acid change from Methionine to Isoleucine.
KL-1               ATGAAGAAGACACAAACTTGGATTATCACTTGCATTTATCTTCAACTGCTCCTATTTAAT

KL-2               ATGAAGAAGACACAAACTTGGATTATCACTTGCATTTATCTTCAACTGCTCCTATTTAAT

KL-2A              ATGAAGAAGACACAAACTTGGATTATCACTTGCATTTATCTTCAACTGCTCCTATTTAAT

                   ************************************************************

KL-1               CCTCTCGTCCACACTCAAGGGATCTGCCGGAACCGTGTGACTGATGATGTGAAAGACGTT

KL-2               CCTCTCGTCCACACTCAAGGGATCTGCCGGAACCGTGTGACTGATGATGTGAAAGACGTT

KL-2A              CCTCTCGTCCACTCTCAAGGGATCTGCCGGAACCGTGTGACTGATGATGTGAAAGACGTT

                   ************ ***********************************************

KL-1               ACAAAATTGGTGGCAAATCTTCCAAAAGACTATATGATAACCCTCAAATATGTCCCCGGG

KL-2               ACAAAATTGGTGGCAAATCTTCCAAAAGACTATATGATAACCCTCAAATATGTCCCCGGG

KL-2A              ACAAAATTGGTGGCAAATCTTCCAAAAGACTATATGATAACCCTCAAATATGTCCCCGGG

                   ************************************************************

KL-1               ATGGACGTTTTGCCTAGTCATTGTTGGATAAGCGAGATGGTGGAACAACTGTCAGTCAGC

KL-2               ATGGACGTTTTGCCTAGTCATTGTTGGATAAGCGAGATGGTGGAACAACTGTCAGTCAGC

KL-2A              ATGGACGTTTTGCCTAGTCATTGTTGGATAAGCGAGATGGTGGAACAACTGTCAGTCAGC

                   ************************************************************

KL-1               TTGACTGATCTTCTGGACAAGTTTTCAAATATTTCTGAAGGCTTGAGCAATTATTCTATC

KL-2               TTGACTGATCTTCTGGACAAGTTTTCAAATATTTCTGAAGGCTTGAGCAATTATTCTATC

KL-2A              TTGACTGATCTTCTGGACAAGTTTTCAAATATTTCTGAAGGCTTGAGCAATTATTCTATC

                   ************************************************************

KL-1               ATAGACAAACTTGTGAAAATAGTTGATGACCTTGTGGAGTGCATGGAAGAACACTCATTT

KL-2               ATAGACAAACTTGTGAAAATAGTTGATGACCTTGTGGAGTGCATGGAAGAACACTCATTT

KL-2A              ATAGACAAACTTGTGAAAATAGTTGATGACCTTGTGGAGTGCATGGAAGAACACTCATTT

                   ************************************************************

KL-1               GAGAATGTAAAAAAATCATCTAAGAGCCCAGAACCCAGGCAGTTTACTCCTGAGAAATTC

KL-2               GAGAATGTAAAAAAATCATCTAAGAGCCCAGAACCCAGGCAGTTTACTCCTGAGAAATTC

KL-2A              GAGAATGTAAAAAAATCATCTAAGAGCCCAGAACCCAGGCAGTTTACTCCTGAGAAATTC

                   ************************************************************

KL-1               TTTGGAATTTTTAATAAATCCATCGATGCCTTCAAGGACTTGGAGATAGTGGCTTCTACA

KL-2               TTTGGAATTTTTAATAAATCCATCGATGCCTTCAAGGACTTGGAGATAGTGGCTTCTACA

KL-2A              TTTGGAATTTTTAATAAATCCATCGATGCCTTCAAGGACTTGGAGATAGTGGCTTCTACA

                   ************************************************************

KL-1               ATGAGTGAATGTGTGATTTCCTCAACATCAAGTCCTGAGAAAGATTCCAGAGTCAGTGTC

KL-2               ATGAGTGAATGTGTGATTTCCTCAACATCAAGTCCTGAGAAAG-----------------
KL-2A              ATGAGTGAATGTGTGATTTCCTCAACATCAAGTCCTGAGAAAGGTAAGACATACAAGCAT
                   *******************************************                 

KL-1               ACAAAACCATTTATGTTACCCCCTGTTGCAGCCAGCTCCCTTAGGAATGACAGCAGTAGC

KL-2               ------------------------------------------------------------
KL-2A              TCCTAA------------------------------------------------------

KL-1               AGTAATAGGAAGGCCTCAAATTCCATTGAAGATTCCAGCCTACAATGGGCAGCCGTAACA

KL-2               -------GGAAGGCCTCAAATTCCATTGAAGATTCCAGCCTACAATGGGCAGCCGTAACA

KL-2A              ------------------------------------------------------------

KL-1               TTGCCAGCATTCTTTTCTCTTGTGATCGGGTTTGCTTTTGGGGCGTTATACTGGAAGAAG

KL-2               TTGCCAGCATTCTTTTCTCTTGTGATCGGGTTTGCTTTTGGGGCGTTATACTGGAAGAAG

KL-2A              ------------------------------------------------------------

KL-1               AAACAACCAAATCTTACGAGGACAGTTGATAACAGACAGATGAATGAAGAGGATAATGAA

KL-2               AAACAACCAAATCTTACAAGGACAGTTGAAAACAGACAGATTAATGAAGAGGATAATGAA

KL-2A              ------------------------------------------------------------

KL-1               ATAAATATGTTGCAAGAGAAAGAGAGAGAGTTTCAAGAAGTGTAA

KL-2               ATAAGTATGTTGCAAGAGAAAGAGAGAGAGTTTCAAGAAGTGTAA

KL-2A              ---------------------------------------------

Fig.1  Complete coding sequence alignment of three splice variants of caprine stem cell factor gene 
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Fig. 2 Comparision between the sequence of splice variant 2a and intron 5 of caprine SCF gene
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Fig.3 Sequenced chromatogram between exon 5 and 6 based on genomic DNA and complement DNA of caprine stem cell factor gene 
Chromosome location and Genomic Structure of the caprine SCF
  Upon scanning through the goat genome CHIR_1.0（2013/1/11）, we obtained the size of 100 kb (GenBank Acc. No. AJPT01053258, AJPT01053259, AJPT01053260 and AJPT01053261) on chr5 with higher similarity based on the reference sequence obtained in the current study and cattle genomic sequence (Ensembl UMD3.1:5: 5:18317748-18420025) . It represents appropriately 94% of the known SCF gene size when compared to cattle (102.278kb) (source: Ensembl). The gene encoding the caprine SCF is located within a syntenic group on chromosome 5. The portion of caprine chr5 is homologous to chr5 in cattle (Btau 4.6.1 primary assembly, NW_001495197.4) or chr3 in sheep (Oar v3.1, NC019463). Genomic DNA and cDNA sequence comparison and prediction revealed that the caprine SCF gene consists of 6 exons interrupted by 5 introns to the cattle gene (Figure 4).
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Figure 4 Gene architecture of caprine SCF gene in reference to cattle. 

Sequence Analysis and Molecular Phylogeny
To analyze the phylogenetic relationship between goat and other vertebrate species’SCF gene, the phylogenetic tree was constructed using Mega 5.0 by the neighbor-joining method (Fig. 5). The number and the length show the bootstrap value and the number of substitutions along each branch, respectively. The vertebrate species include mammalian, aves, amphibian and fish. The goat (capra hircus), Bos primigenius, Bos Taurus and Bubalus bubalis were first clustered into one group and then the sus scrofa clustered together with them. 
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Fig. 5 Phylogenetic tree based on genetic distance 
Discussion 
Stem cell factor is a multifunctional growth factor for melanocytes and mast cells. Two forms of SCF mRNAs (cDNAs) have been identified in a variety of tissues such as brain, kidney,lung and placenta. The third form of SCF mRNAs is identified in the skin of white merion sheep. In this study,taking into account the potential role exerted by SCF in hair follicle melanogenesis, caprine SCF cDNAs were amplified, cloned and sequenced from the skin of black and white Taihang goat. The soluble,transmembrane and shortest forms were identified in the skin of goat. Nucleotide sequence analyses and the deduced amino acid sequences have the orthology of caprine SCF gene with other mammalian species. Herein, we report for the first time the isolation of the three alternatively spliced.
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