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ABSTRACT. B chromosomes are dispensable and co-exist with autosomal 
and sex chromosomes. The karyotype of the Chinese raccoon dog 
(Nyctereutes procyonoides procyonoides) comprises 0-4 B chromosomes. 
The proto-oncogene KIT is found on all B chromosomes of the Chinese 
raccoon dog. In the present study, partial DNA and mRNA sequences 
of KIT were amplified and sequenced from four individuals containing B 
chromosomes. Sequence analyses revealed that polymorphisms including 
single nucleotide polymorphisms (SNPs) and inserts/deletions were rich in 
the KIT gene of Chinese raccoon dog at the genomic level. However, no 
polymorphism was detected at the mRNA level. A comparison of mRNA 
sequences from Chinese raccoon dogs with the corresponding sequences 
derived from arctic fox and dog, which do not contain B chromosomes, 
revealed the mRNA sequences of the 10 SNPs to be identical between 
these three species. Therefore, these findings suggest that KIT located on 
the B chromosomes in Chinese raccoon dog lacks transcriptional activity.
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INTRODUCTION

B chromosomes, also known as supernumerary, accessory, or extra chromosomes, are 
dispensable genetic elements, present in addition to the standard karyotype (A chromosomes, 
including autosomal and sex chromosomes) (Muñoz-Pajares et al., 2011). B chromosomes have 
been found in many eukaryotic organisms, including plants, animals, and fungi (Yoshida et al., 
2011). The number of B chromosomes in each cell may vary among different tissues, individuals, 
and populations because of their mitotic instability and the existence of specific accumulation 
mechanisms acting during gametogenesis (Jones and Houben, 2003). B chromosomes were 
thought to be heterochromatic and inert, lacking active genes and having no effect on the host 
phenotype. B chromosomes do not pair with any of the standard A chromosomes during meiosis 
and have irregular modes of inheritance. At the DNA level, B chromosomes are usually enriched 
in tandem repeated sequences (Potapov et al., 1990), long interspersed nuclear elements, short 
interspersed nuclear elements (Peppers et al., 1997), interstitial telomeric sequences (Wurster-Hill 
et al., 1988), ribosomal DNA (rDNA) clusters (Stitou et al., 2000; Szczerbal and Switonski, 2003), 
and others. In some species, rDNA genes located on the B chromosomes have been demonstrated 
to exhibit transcriptional activity (Leach et al., 2005; Ruiz-Estevez et al., 2012). In addition, some 
protein-coding genes have also been identified on the B chromosomes of certain species (Miao 
et al., 1991; Lamatsch et al., 2011; Yoshida et al., 2011; Martis et al., 2012). Some of these are 
thought to have functional significance for their host (Miao et al., 1991; Yoshida et al., 2011) and 
exhibit transcriptional activity (Trifonov et al., 2013).

The karyotype of the Chinese raccoon dog (Nyctereutes procyonoides procyonoides) 
comprises 5 submetacentric autosomes, 21 acrocentric autosomes, and up to 4 B chromosomes 
(Switonski et al., 2003). The B chromosomes range in size and are characterized as Bi, Bii, and 
Biii types (Becker et al., 2011). The proto-oncogene KIT is present on all B chromosomes of the 
Chinese raccoon dog, in addition to chromosome 6 (Graphodatsky et al., 2005; Yudkin et al., 2007; 
Becker et al., 2011). The proto-oncogene KIT is also localized on all B chromosomes of red fox and 
the structure and sequence of the B-specific KIT were found to be highly conserved (Graphodatsky 
et al., 2005; Yudkin et al., 2007).

KIT (also c-kit) encodes a cell-surface tyrosine kinase specific for the mast/stem cell growth 
factor, which is critical for proliferation and cell differentiation of hematopoietic, melanoblast, and 
primordial germ cells (Ashman, 1999; Roskoski, 2005). KIT is the first protein-coding autosomal gene 
to be found on mammalian B chromosomes (Graphodatsky et al., 2005). To investigate whether KIT 
located on the B chromosomes exhibits transcriptional activity in the Chinese raccoon dog, we cloned, 
sequenced, and compared the partial sequence of KIT at both genomic DNA and mRNA levels.

MATERIAL AND METHODS

All animal experiments were performed in accordance with the guidelines on animal 
care established by the Jilin University Animal Care and Use Committee. Seven tissue samples 
(including muscle, brain, liver, kidney, heart, lung, and spleen) were collected from four farmed 
Chinese raccoon dogs containing 0-4 B chromosomes per cell (Li et al., 2013).

Genomic DNA was isolated from liver tissue using the TIANamp Genomic DNA Kit 
(TIANGEN, Beijing, China). Total RNA was isolated from the frozen tissues using TRIzol (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer protocol and was followed by digestion with 
RNase-free DNase I according to the manufacturer instructions (Promega, Madison, WI, USA). 
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First-strand cDNA was generated with PrimeScriptTM RT reagent Kit (TaKaRa, Dalian, China).
In order to amplify exons 18, 19, and 20 of KIT from the Chinese raccoon dog, a pair of primers 

(CKIT-F1: 5ʹ-GGTAAAAGGCCTTTGTGAGATG-3ʹ; CKIT-R1: 5ʹ-CTGCTTGAGCCAAGGATAGAAG-
3ʹ) was designed based on the nucleotide sequence of canine KIT (accession No. NC_006595). 
A long-range PCR procedure was performed using genomic DNA as a template. The PCR was 
carried out in a total volume of 25 µL containing 0.5 µL genomic DNA, 5 µM each primer (CKIT-F1 
and CKIT-R1), 0.2 mM dNTPs, and 1 U LA Taq polymerase (TaKaRa). PCR conditions were as 
follows: a 3-min denaturation step at 95°C, 30 cycles of 30 s at 94°C, 30 s at 60°C, and 2 min at 
72°C, followed by a final extension of 15 min at 72°C. The amplified products were visualized on a 
1.5% agarose gel stained with ethidium bromide. PCR products were cloned into pGEM®-T Vector 
(Promega) and used to transform DH5α competent cells. Clones containing inserts were randomly 
chosen for DNA sequencing.

To characterize KIT polymorphisms in the Chinese raccoon dog at the mRNA level, a new set of 
primers (CKIT-F2: 5ʹ-ATGGAAGATGATGAGTTGGCT-3ʹ; CKIT-R2: 5ʹ-TCACACATCTTCGTGTAC-
3ʹ) was designed based on the KIT mRNA sequence of the Chinese raccoon dog (accession No. 
KM083121). RT-PCR was also performed using cDNA generated from brain, muscle, kidney, heart, 
liver, lung, and spleen tissues. The reaction system and conditions of RT-PCR were the same as 
those described above. PCR products were purified and sequenced directly.

RESULTS AND DISCUSSION

Following PCR amplification for exons 18-20 and the flanking sequence of KIT from 
genomic DNA of Chinese raccoon dogs, two bands were unexpectedly detected on 1.5% agarose 
gel from all four individuals (Figure 1). Sequencing analysis revealed the bigger fragment (KIT-g-1) 
to be 1463 bp in size and the other (KIT-g-2) to be 1016 bp. Alignment indicated that the difference 
in length is due to the insertion or deletion of a single tandem repeat sequence of (CTTTT)n, and 
there were 32 single nucleotide polymorphisms (SNPs) between KIT-g-1 and KIT-g-2 (Figure 2). 
Ten of those SNPs were located in the three exons studied (18, 19, and 20 of KIT). Analysis 
of the putative amino acid sequence revealed that nine of the 10 SNPs were mis-synonymous 
substitutions. BLASTn analysis using the NCBI GenBank database (http://www.ncbi.nlm.nih.gov) 
showed that the coding sequence deduced from KIT-g-2 was 100% identical to the corresponding 
sequence of KIT of arctic fox (No. KF530833) and dog (No. AY313776). Contrary to the results 
obtained from B chromosomes of red fox, sequences of the B-specific KIT were found to be highly 
homologous to that of the A chromosome (Graphodatsky et al., 2005).

Figure 1. Agarose gel electrophoresis of PCR products amplified by primer set CKIT-F1 and CKIT-R1. Lane 1 = 
DL2000 marker. Lanes 2-5 = four Chinese raccoon dogs with B chromosomes.
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Figure 2. Alignment of nucleotide sequences from KIT-g-1, KIT-g-2, and KIT-mRNA. KIT-g-1 and KIT-g-2 was amplified 
using CKIT-F1 and CKIT-R1 as primers and genomic DNA as templates, KIT-mRNA was amplified using CKIT-F2 and 
CKIT-R2 as primers and cDNA as templates.
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RT-PCR was first carried out using cDNA synthesized from total RNA extracted from the 
brain tissue of four Chinese raccoon dogs. A 663-bp fragment was obtained. Direct sequencing 
of the RT-PCR product showed that no polymorphic sites were found in the RT-PCR amplification 
products, and that the mRNA sequence (KIT-mRNA) is 100% identical to that of KIT-2-g (Figure 2). 
To further exclude the possibility of tissue-specific transcriptional activity, RT-PCR amplification was 
conducted on total RNA isolated from liver, muscle, heart, lung, spleen, and kidney. No polymorphic 
transcripts were found from any of the tissues used in this study.

Several copies of KIT paralogs have previously been found on B chromosomes in the 
Chinese raccoon dog, whereas there is a single copy on chromosome 6 (Becker et al., 2011). 
Sequence alignment between the Chinese raccoon dog, arctic fox, silver fox, and dog suggested 
it was possible to distinguish paralogs on the B chromosome from those on the A chromosome. 
Therefore, we presumed that KIT-2-g was from chromosome 6 of the Chinese raccoon dog and 
that the insertion of a tandem repeat sequence in intron 17 (KIT-1-g) was B-specific. RT-PCR 
analysis indicated that the B-located KIT sequence identified in this study was not transcribed.

The high sequence variation of KIT shown from B chromosomes, compared to that on 
an autosomal chromosome, suggests that purifying selection was relaxed for KIT located in the B 
chromosomes, as expected if B chromosomes were genetically inactive.

In summary, KIT is rich in polymorphisms including SNPs and insert/deletions between B 
and A chromosomes in Chinese raccoon dogs. However, KIT located on the B chromosomes has 
no transcriptional activity.
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