Supplemental Information
S1. CRS Family – Unique to Mouse?

As we have annotated three novel CRS genes and the expression of this family of defensin-like peptides has only been reported in mice, it was of interest to determine whether other species, rat in particular, have homologous peptides. Literature and databases were searched for annotated or experimental evidence of genes and peptides to identify novel rat peptide sequences homologous to that of the CRS family. Referring to the literature, the CRS family cluster separately from other mammalian alpha-defensins and it is argued that the mouse CRS family and rat alpha-defensins have evolved separately with a common gene ancestor prior to speciation [1]. 

Pfam 22.0 was queried using the batch search option with default parameters. For all of the CRS peptides, the only significant hit (based on e-value) is the defensin_propep domain, which is general and not species specific. Individual searches returned specific defensins but none align at the C-terminal end of the CRS peptides. Extensive BLAST searches using both genomic and peptide CRS sequences suggest rat alpha-defensins as potential homologues. However results of all BLAST searches, including those against unannotated databases, show significant hits to the 5’ and N-terminal region of the genomic and peptide sequences, respectively, but poor matches to 3’ and C-terminal regions. Results can be viewed in Additional file 1: Supplemental Tables S3&S4 and Additional file 3: Supplemental Figure S1. An additional protein alignment of mouse CRS and rat alpha-defensin peptides (Additional file 3: Supplemental Figure S2) confirms this lack of homology. At this time it appears the CRS family is unique to mouse.

S2. Conserved synteny in gaps proximal to defensins

Interspecies comparison is important not only from a biological perspective, but also to ascertain whether the human and/or rat genome assemblies can be used to facilitate closing of the estimated 2 Mb gap of mouse Chromosome 8, adjacent to the two alpha-defensin loci (Additional file 3: Supplemental Figure S5; 8: 18,908,000 – 23,400,000 bp). A recent study has compared the mouse NCBI Build 36 to an optical map [2]; their results show that this gap is probably smaller than the estimated 2 Mb, however its size still could not be assessed precisely. 

Ensembl v.49 was used to display regions of conserved synteny between the mouse, human and rat alpha-defensin regions. The conserved syntenic region of the human genome is Chromosome 8p23.1. Additional file 3: Supplemental Figure S6 shows the arrangement of the human defensin genes within this region (8: 6,600,000 – 8,100,000 bp), which includes one gap approximately 100 kb in size. This region is also flanked at the 5’ end by XKR5, the homologue of the mouse Xkr5. However, whereas in the mouse Ccdc70, Atp7b and Alg11 are found 3' to the defensin gene cluster on Chromosome 8, CCDC70 does not flank the 3’ end in human, but rather is located on human Chromosome 13q14.3 where the following two telomeric gene homologues ATP7B and ALG11 have also been mapped. There are no defensin genes in this region of human Chromosome 13, which indicates that the breakpoint occurred telomeric to the defensin cluster and a survey of this region shows a complete assembly without any gaps. 

The quality of the human genome assembly near the defensin regions appears to be better than that of mouse. This may be due to a larger number of defensin genes within the mouse genome as compared to the human genome, as well as the high similarity between the mouse alpha-defensin genes in particular. To investigate this further we used Ensembl to analyze the conserved syntenic regions of the rat genome compared to the mouse. Additional file 3: Supplemental Figure S7 shows arrangement of alpha-defensins, as well as some beta-defensins and other genes within that conserved syntenic locus (16: 73,700,000 – 75,800,000 bp). Nine rat alpha-defensin genes and one defensin-related gene are located on Chromosome 16q12.5. There are a few gaps in the region near to the defensin genes, one in particular of about 120 kb in the middle of the alpha- and beta-defensin cluster, and another 5’ to the defensin region about 200 kb in size. The assembly of the rat reference sequence appears to be more similar to that of the human sequence compared to the mouse sequence with respect to the level of completion of defensin-rich regions. However it is important to note that the rat genome sequence is a draft sequence which differs with respect to the finished sequence of both human and mouse genomes [3]. The approach for the sequencing of the rat genome was a combination of whole genome shotgun (WGS) and bacterial artificial chromosome (BAC) sequencing, and the authors argue that this approach has generated sequence with quality near to that of finished sequence [3]. Another caveat is that the human and mouse genomes aided the assembly of the rat genome in difficult regions [3], therefore any errors in either the human and mouse assemblies within defensin regions could translate into errors in the rat genome. A coordinated effort has been undertaken for the generation of a new rat genome build and the anticipated release is imminent [4]. Re-examination of the defensin clusters will determine whether our analyses and observations hold true for these regions, in particular.

Similar to the annotation of mouse alpha-defensins only on Chromosome 8, human and rat alpha-defensins have only been identified on Chromosome 8 and 16, respectively. This is in contrast to the presence of human, rat and mouse beta-defensins on multiple chromosomes (human – Chromosomes 6p21, 8p23.1, 20q11.1 and 20p13, rat – 3q41, 9q13, 15p12 and 16q12.5 and mouse – 1A4, 2H1, 8A3 and 14D1). The assembly of human Chromosomes 6p21 and 20p13 are complete with no gaps, but there is a gap 5’ to the beta-defensin cluster on 20q11.1; however this gap is also near to the centromere, which was not targeted by the genome projects due to the difficulty in sequencing highly repetitive alpha-satellite DNA in heterchromatic regions [5, 6]. Additional rat beta-defensins are located on Chromosomes 3q41, 9q13, 15p12 and 16q12.5; these regions appear complete, with the exception of 3q41, which has an 11kb gap within the beta-defensin cluster and 16q12.5, which contains both alpha- and beta-defensins genes, as previously described.

The assemblies of the mouse, rat and human genomes are more complete near regions of beta-defensins compared to alpha-defensins since beta-defensins are not as genetically similar as alpha-defensins. Beta-defensins have had more time for movement associated with chromosomal rearrangements and multiple duplication events as compared to alpha-defensins; however mouse alpha-defensins have undergone a rapid expansion that has not occurred to the same extent in human and rat. Rapidly changing regions are interesting in evolutionary terms but are difficult to assemble into finished sequence [3], and additional defensin genes may be present within gaps in the assembly. These factors reinforce the biological importance and need for further characterization.

S3. Copy number polymorphisms and expression level variation detected in human and mouse for the defensin genes

Several analyses have shown that large-scale copy number polymorphisms are a major source of genetic variation [7-10]. One of these polymorphisms involves the human beta-defensin cluster on 8p23.1. Whereas carriers of a euchromatic variant that is cytogenetically visible have nine to twelve copies of the region [11, 12] most people have two to seven copies [13]. Correlation of beta-defensin copy number with expression levels suggests that variable expression levels could cause different predisposition and susceptibility to infectious diseases. A recent genetic mapping approach confirms two distinct beta-defensin CNV loci, approximately 5Mb apart on human Chromosome band 8p23.1 [14]. The authors state that this contradicts the current genome assembly.  As a follow up we analyzed the region surrounding the genomic coordinates indicated in the aforementioned study and found five known beta-defensin genes [15] and one beta-defensin pseudogene (two copies of Defb130, Defb134, Defb136 and Defb137, data not shown). The relationship between this cluster and the duplicated CNV region is unclear. In a study analyzing the expression levels of human alpha-defensins DEFA1 and DEFA3 a clear correlation could be shown between the relative proportions of DEFA1:DEFA3 mRNA and the corresponding gene numbers [16]. However, combined levels of DEFA1 and DEFA3 were not correlated with gene copy number, indicating influence of trans-acting factors on different expression of both genes [16]. While DEFA1 copy numbers have been reported to vary between four and 11 in a sample of 111 individuals, the DEFA3 allele has been absent in 10% of them [16]. In a different study where the absence of DEFA3 in 697 samples from four different human populations has been tested, the proportion of individuals lacking DEFA3 is variable from 10% to 37% [17], suggesting differences in innate immune functions between populations. It has been speculated that populations with distinct ecological histories carry different defensin gene copy numbers derived from the selective pressure presented on their historical geographic regions [18]. However a direct correlation between the copy number variation in the defensin region and geographic origin has not been established.
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