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Abstract The rodent genus Peromyscus is the most

numerous and species-rich mammalian group in North

America. The naturally occurring diversity within this

genus allows opportunities to investigate the genetic basis

of adaptation, monogamy, behavioral and physiological

phenotypes, growth control, genomic imprinting, and dis-

ease processes. Increased genomic resources including a

high quality genetic map are needed to capitalize on these

opportunities. We produced interspecific hybrids between

the prairie deer mouse (P. maniculatus bairdii) and the

oldfield mouse (P. polionotus) and scored meiotic recom-

bination events in backcross progeny. A genetic map was

constructed by genotyping of backcross progeny at 185

gene-based and 155 microsatellite markers representing all

autosomes and the X-chromosome. Comparison of the

constructed genetic map with the molecular maps of Mus

and Rattus and consideration of previous results from

interspecific reciprocal whole chromosome painting

allowed most linkage groups to be unambiguously assigned

to specific Peromyscus chromosomes. Based on genomic

comparisons, this Peromyscus genetic map covers *83 %

of the Rattus genome and 79 % of the Mus genome. This

map supports previous results that the Peromyscus genome

is more similar to Rattus than Mus. For example, coverage

of the 20 Rattus autosomes and the X-chromosome is

accomplished with only 28 segments of the Peromyscus

map, but coverage of the 19 Mus autosomes and the

X-chromosome requires 40 chromosomal segments of the
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Peromyscus map. Furthermore, a single Peromyscus link-

age group corresponds to about 91 % of the rat and only

76 % of the mouse X-chromosomes.

Introduction

Members of the genus Peromyscus constitute the most

numerous and species-rich group of mammals in North

America. The best known members of the genus are the deer

mouse (P. maniculatus) and the white-footed mouse

(P. leucopus). Peromyscus species have an appearance

superficially similar to old world mice (e.g., species of the

genera Mus or Apodemus), but represent a distantly related

lineage. Mus and Rattus were diverged*10–12 million years

ago, while their most recent common ancestor with the deer

mouse was ca. 25–40 million years ago (Steppan et al. 2004).

Basic research of Peromyscus biology covers a variety of

disciplines. Peromyscus occur in a wide range of habitats

including sea-level wetlands, beaches, forests, deserts, and

elevations up to 14,000 feet. Thus, these animals are ideal for

studies on the genetic basis of adaptation to different envi-

ronmental conditions, such as the genetic basis of coat color

(Hoekstra et al. 2006; Linnen et al. 2009) and adaptation to

life at high altitudes (Storz et al. 2009, 2010, 2011). Their

ubiquitous presence in North America also means that

Peromyscus is found at many sites contaminated with toxic

chemicals and may be useful as biomarkers of contamina-

tion. Peromyscus has been employed in numerous studies on

the responses to chemicals, such as PCBs (Voltura and

French 2007) and Aroclor 1254 (Wu et al. 1999) as well as

being used to demonstrate transgenerational effects of BPA

exposure (Jasarevic et al. 2011).

Peromyscus species carry several pathogens important

to public health. For example, P. maniculatus acts as the

primary carrier of Sin Nombre virus responsible for han-

taviral pulmonary syndrome (Hjelle et al. 1995; Nichol

et al. 1993). Peromyscus leucopus plays a role in the

transmission of Lyme disease, both harboring the spiro-

chaete Borrelia burgdorferi and acting as the host species

for the larval stage of the tick which transmits the bacteria

to humans (Anderson et al. 1987; Magnarelli et al. 1988) .

Peromyscus has also been used to study behavioral and

environmental effects on physiology and endocrinology

(Bester-Meredith and Marler 2003; Martin et al. 2008a;

Pyter et al. 2006; Trainor et al. 2007, 2010) as well as

immunology (Martin et al. 2007, 2008b; Pyter et al. 2005).

Other phenotypic differences could inform our under-

standing of repetitive movements common in obsessive-

compulsive disorder (Korff et al. 2008; Tanimura et al.

2010), while still others could address the relationship

between blood glucose regulation and stress (Oriel et al.

2008). Peromyscus is also a potentially useful model for

studying the genetic bass of monogamy and polygamy

(Foltz 1981; Ribble 1991; Turner et al. 2010). Perhaps

most useful of all is the ability of some species of Pero-

myscus to hybridize in the laboratory. This ability has

allowed the development of unique mammalian models of

hybrid dysgenesis (including severe developmental

defects) and epigenetic misregulation (Duselis and Vrana

2010; Vrana et al. 1998, 2013)

Despite the wide range of habitat types in which Pero-

myscus occurs, members of the genus are easily reared under

standard Mus husbandry conditions (Dewey and Dawson

2001), thus making it possible to determine the genetic basis of

naturally occurring variants through the use of controlled

crosses in the laboratory. Two species are of particular

importance in genetic analysis: the prairie deer mouse,

P. maniculatus bairdii, and the oldfield mouse, P. polionotus.

Hybrids produced by mating P. maniculatus females with

P. polionotus males are viable and fertile, thus allowing

genetic analysis of important phenotypic differences between

the species and natural variants within these species. These

species differ markedly in many characteristics where varia-

tion is not found in other well-established mammalian models

such as Mus and Rattus. Although extensive genetic and

genomic tools are available for Mus and Rattus, Peromyscus

genomic resources are still being developed to enhance the

utility of Peromyscus as an experimental system. Approxi-

mately 79,000 P. maniculatus expressed sequence tags

(ESTs) from various tissues have deposited in GenBank.

Approximately 2,900 ESTs from testes and placenta have

been more thoroughly analyzed with many assigned to Mus or

Rattus chromosomes or a biological function (Glenn et al.

2008). Additional transcriptome sequencing has been

conducted (e.g., Genbank accessions GH457086.1–GH54

5901.1), but the summaries have not yet been published.

Whole genome sequencing of P. maniculatus, P. polionotus,

P. leucopus, and P. californicus has been completed, and

assembly of the genomes is underway (https://www.hgsc.

bcm.edu/content/Peromyscus-genome-project).

Even with the nascent genomic resources, the utility of

Peromyscus as a model for modern genetic research will be

significantly enhanced by a linkage map with the position

of markers on chromosomes derived from traditional

genetic mapping methods. A linkage map of Peromyscus

will facilitate genome assembly and increase researchers’

ability to identify genes associated with phenotypic varia-

tion and/or involved in important biological processes.

Two nascent genetic maps of Peromyscus have already

been constructed; however, there is little useful overlap

between the two. Nearly 80 genes have been mapped and

assigned to several linkage groups (Ramsdell et al. 2008) in

which comparative linkage analysis revealed greater syn-

teny, and gene order conservation between Peromyscus and

Rattus than between Peromyscus and Mus. A second
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genetic map was produced by (Steiner et al. 2007) using ca.

120 markers, mostly microsatellites. This map focused on

the location of genes controlling adaptive coat color in the

light-pigmented beach mice, P. polionotus leucocephalus.

Although useful in their own right, the small amount of

overlap in genetic markers used in the two studies allows

little ability to merge the two genetic linkage maps into one

with greater marker density.

Here, we report on the development of a marker-dense

genetic map suitable for a great diversity of studies. By

increasing the genomic resources available for this genus,

the unique and significant phenotypic differences found

within Peromyscus may finally make discovering the

genetic bases of these phenotypes tractable. A genetic map,

therefore, is essential for further development of these

animals as a model system and to exploit their large

potential as a mammalian small animal research model.

Materials and methods

Animals used in this study were from the P. maniculatus

(BW) and P. polionotus (PO) stocks maintained at the

Peromyscus Genetic Stock Center, University of South

Carolina (http://stkctr.biol.sc.edu). Animal care is provided

by the University of South Carolina Animal Care Facility

which is fully accredited by American Laboratory Animal

Care Committee. The research described here was

approved by the University of South Carolina IACUC.

Development of backcross panels for genetic mapping

The mapping of autosomal genes was done using a P. man-

iculatus 9 (P. maniculatus 9 P. polionotus) F1 backcross

panel. Twenty-two progeny from each of four different

backcross families were used for analysis (i.e., for a total of

88 animals). Mapping of X-linked loci was done using a

panel of offspring from a backcross of (P. maniculatus 9 P.

polionotus) F1 9 P. polionotus. This panel consisted of 145

animals from ten different matings (families).

DNA from liver tissue of all parents and backcross

progeny was isolated using standard SDS/proteinase K and

phenol/chloroform methods (Maniatis et al. 1982) or via

the Qiagen DNeasy blood & tissue kit. DNA concentration

and quality were assessed by using ratio of absorbance at

260 and 280 nm.

Development of gene-based PCR marker assays

Primers were developed from P. maniculatus EST

sequences (Glenn et al. 2008) as previously described

(Ramsdell et al. 2008). Selected genes were also targeted

by designing primers based on conserved mammalian

sequences as previously described (Loschiavo et al. 2007;

Ramsdell et al. 2008)

PCR methods

Qiagen HotStarTaq (HS) and HotStarTaqPlus (HSP) kits

were used for amplification of specific DNA sequences for

individual genes. Conditions were as suggested by the

supplier with some optimization for different genes. The

PCR cycling conditions for HSP were 95 �C for 5 min

followed by 35 cycles of: 95 �C for 30 s, annealing for 30 s

at temperatures between 48 and 65 �C depending on the

gene, 72 �C for 30 s per 0.5 kb, 72 �C for 10 min, and

4 �C hold. HS used 14.5 min for the initial denaturation at

95 �C. The same basic conditions were used for Touch-

down PCR and were as follows: (1) TD65HSP used 20

cycles with annealing at 65 �C for 30 s minus 0.5 �C/cycle

followed by 20 cycles with annealing at 55 �C; (2)

TD60HSP and TD55HSP used starting annealing temper-

atures of 60 and 55 �C, respectively, and ramped down

over 20 cycles by 10 �C followed by 20 cycles at the lower

temperature. HS was also used in touchdown protocols

with just the longer initial denaturation temperature and is

referred to as TD65HS, TD60HS, or TD55HS. Amplifi-

cation of some DNA sequences required additional MgCl2
or Qiagen Q-solution. Some loci were amplified using

Invitrogen Taq Polymerase with the suggested methods;

this was the method used when only annealing temperature

is given in Table 2 in Appendix. Amplification products

were digested with the appropriate restriction endonucle-

ase, and digestion products were resolved on 2 % agarose

or 7.5 polyacrylamide gels, depending on the size of

fragments to be resolved.

Microsatellite genotyping

Primers and amplification methods of microsatellites were

as previously described (Weber et al. 2010). Genotyping of

some loci was done by analyzing amplification products on

agarose or polyacrylamide gels of appropriate concentra-

tion for the size of the amplification product.

Screening of BAC library

The P. maniculatus rufinus BAC library CHORI-233 was

obtained from the BACPAC Resources of the Children

Hospital Oakland Research Institute (http://bacpac.chori.

org/library.php?id=280). Specific primers (see Table 1)

were used to produce DNA fragments for the genes Pacrg,

Hba, and Mpo. The fragments were gel purified, radiola-

beled by random priming (manufacturer’s instructions),

and used all together to probe the five filters representing

the library. Clones identified by hybridization were
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obtained from BACPAC resources, and the BACs were

purified and rescreened by Southern blotting methods using

the individual probes.

Fluorescence in situ hybridization

Confluent cell cultures of P. maniculatus fibroblasts were

treated with colcemid, harvested by centrifugation, resus-

pended in hypotonic solution, and washed with 3:1 meth-

anol:acetic acid. Chromosomes were spread on dry,

acetone cleaned slides per standard protocols, air-dried

overnight, and dehydrated in an ethanol series.

Chromosome paint FISH was performed as previously

described (Mlynarski et al. 2008). BAC DNA probes were

labeled with fluorescein-12-dUTP (green), Texas Red-5-

dUTP (red), or Diethylaminocoumarin-5-dUTP (aqua) by

nick-translation per manufacturer’s protocol (Roche

11745808910). 50 ng of labeled BAC DNA with 1 lg of

Cot1 in Hybrisol VII (Qbiogene) was hybridized to dena-

tured slides under a sealed coverslip at 37 �C in a humid

chamber for 20 h. Slides were washed at 72 �C in 0.4XSSC

and subsequently counterstained with a 1:3 dilution of DAPI

in Vectashield (Vector Laboratories). Images were captured

on an Olympus AX70 fluorescence microscope equipped

with appropriate filters and a CCD camera. Images were

analyzed with Genus (Applied Imaging). Chromosome

identification was made by examining inverted DAPI

banding of probe hybridizations and confirmed by FISH (for

all but BAC 402) using flow-sorted chromosome paints.

Construction of genetic linkage maps

Linkage maps were created using JoinMap 4 (Kyazma

B.V., Wageningen, Netherlands). The mapping population

included 88 individuals in four families genotyped at 340

polymorphic loci resulting from a backcross (described

above). Linkage groups were determined by a LOD score

of 4.0. Regression maps were created from the linkage

groups using Kosambi’s function. Identical methods were

used to map X-linked genes in the 145 backcross progeny

derived from the (P. maniculatus 9 P. polionotus) F1 9 P.

polionotus cross.

Assignment of linkage groups to specific chromosomes

The linkage groups were assigned to specific Peromyscus

chromosomes using the results of reciprocal hybridization

of isolated whole Mus and Rattus chromosomes with

Peromyscus chromosome spreads with visualization by

FISH (Mlynarski et al. 2008).

Comparisons of the Peromyscus genetic map with the

Mus and Rattus molecular maps (Sinha and Meller 2007)

also aided in assignment. The standardized Peromyscus

cytogenetic nomenclature (Greenbaum et al. 1994) was

used for identification of Peromyscus chromosomes.

Results

Development of gene-based markers

The genes for which methods have been developed for

genotyping of allelic variants are listed in Table 2 in

Appendix. Also given are the primers used for amplifica-

tion, the PCR conditions for production of the DNA

amplification product, and the restriction enzyme used to

differentiate BW and PO allelic products. Few BW and PO

initial amplification products differ in size, and those are

listed in the table along with the method of resolution by

either agarose or acrylamide gel electrophoresis.

Table 1 Synteny conservation between the Peromyscus genetic map and Rattus and Mus genomes

Segments Rattus Mus

Total lengtha Number Average length Total length Number Average length

Syntenic-1b 727.2 11 66.1 698.1 18 38.8

Syntenic-2c 980.1 13 75.4 687.5 16 43

Syntenic-3d 540.4 4 135.1 687.9 6 114.7

Total 2247.7 2073.5

Genome size 2719 2639

Coverage (%) 82.6 78.5

a Length is in Mb
b Syntenic-1 is the length of all segments of the molecular maps of Rattus or Mus having genes in the same order as the Peromyscus genetic map
c Syntenic-2 is the molecular length of segments in the Rattus or Mus genome having synteny conservation with the Peromyscus genetic map,

but gene order is altered by one inversion and/or insertion
d Syntenic-3 is the length of syntenic segments conserved but with gene order differing from the Peromyscus genetic map by two or more

inversions and/or insertions
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Peromyscus genetic map covering all autosomes

and the X-chromosome

A genetic map of the Peromyscus genome based on

recombination frequency between markers among the

backcross progeny is shown in Fig. 1. The genetic map

shows the locations of 185 gene and 155 microsatellite loci

for a total of 340 markers.

Initially, one more autosomal linkage group was detec-

ted than there are autosomes in Peromyscus. Two linkage

groups are associated with Peromyscus chromosome 8.

Confirmation of this association was obtained from FISH

analysis using labeled BAC chromosomes harboring spe-

cific genes on the two linkage groups (Fig. 2). The

P. maniculatus CHORI-233 BAC clones which harbor the

Hba, Pacrg, and Mpo genes are 501B24, 396H17, and

Fig. 1 Peromyscus genetic linkage map. Type I genetic markers are

shown in black, and microsatellite loci are indicated in red. The

linkage groups are associated with the Peromyscus chromosomes

according to the standardized nomenclature of the karyotype. Two

linkage groups are assigned to chromosome 8

164 J. Kenney-Hunt et al.: Chromosomal assignment of linkage groups

123

Author's personal copy



312P13, respectively. Hba was not placed on the genetic

map using this backcross panel data, although it was very

loosely associated with Canx on chromosome 8b. Thus,

Hba was used as a marker possibly located near the end of

the linkage group assigned to chromosome 8a. The previ-

ous linkage group constructed using the female as the

hybrid animal did show linkage between Hba and Canx on

chromosome 8 (Ramsdell et al. 2006).

The orientation of the two linkage groups on chromosome 8

as suggested by FISH analysis is shown in Fig. 2a. The FISH

analysis using the Hba-harboring BAC clone (labeled red) and

the Pacrg-harboring BAC clone (labeled green) is shown in

Fig. 2b. As can be seen, the Hba signal is located proximal to

the centromere, whereas the Pacrg gene is located more dis-

tally. The location of Hba and Mpo (aqua labeled) determined

by FISH is shown in Fig. 2c, and Mpo and Pacrg are very close

together on the chromosome. This proximity is confirmed in

Fig. 2d where both the green and aqua are visualized, and their

position overlaps. From these data, we infer that the two

linkage groups are in the order shown in Fig. 2a.

Comparative analysis of linkage relationships

among Peromyscus, Rattus, and Mus

The Peromyscus genetic linkage map is compared to the

Rattus and Mus molecular maps in Fig. 3. In a few

instances, the order of genes not resolved by recombination

events is inferred based upon the molecular order in the

Rattus and Mus genomes (i.e., areas of Peromyscus chro-

mosomes 1, 2, 8b, 10, and 12). Given these assumptions,

synteny, as well as gene order, is conserved between

chromosome 1 and much of Rattus Chr 1, and a significant

portion of Mus Chr 7. Synteny and gene order is conserved

between Peromyscus chromosomes 6, 11, and 20 and both

the Rattus and Mus corresponding genomic regions. Other

regions of shared synteny are extensive but have single or

Fig. 2 Linkage groups 8a and

8b are both located on

Peromyscus chromosome 8.

a. The two linkage groups are

aligned according to their

location on Chromosome 8.

BAC clones containing different

genes were fluorescently labeled

as described in ‘‘Materials and

methods’’ section. b FISH to

Peromyscus metaphase

chromosomes with BACs

harboring the Hba (red) and the

Pacrg (green) genes. c Results

of hybridization with BACs

harboring the Hba (red) and

Mpo (aqua) genes. d Merged

hybridization results showing

that the Pacrg and Mpo genes

are close together while Hba is

more proximal to the

centromere of Chromosome 8
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multiple inversion and/or insertion differences between the

Peromyscus map and the other two species.

While the Peromyscus map contains regions of low

marker density, the map size suggests it covers much of the

genome based on comparisons to Rattus and Mus genomes

(Fig. 4). In addition, fewer and longer Peromyscus genetic

map segments are involved in the coverage of the Rattus

genome than the Mus genome.

A

Fig. 3 Comparative relationships of the genetic map of Peromyscus

with the molecular map of Rattus and Mus. For Rattus and Mus

segments, the numbers in parentheses indicate the molecular position

at the ends of the chromosomal segment. The Rattus and Mus

chromosomes are indicated in bold. Molecular locations of Mus loci

come from Genome reference consortium mouse build 38 (GRCm38)

and Rattus gene positions are from RGSC Genome Assembly v3.4.

a. Peromyscus chromosomes 1–6 compared to Mus and Rattus.

b Peromyscus chromosomes 7–14 compared to Mus and Rattus.

c Peromyscus chromosomes 14–23 and the X compared to Mus and

Rattus. The M33 locus (Vrana et al. 2000) on the Peromyscus

X-chromosome is not orthologous to Hprt, but its sequence is found

very near this gene in both the Mus and Rattus
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B

Fig. 3 continued
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Fig. 3 continued
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A summary of those portions of the Peromyscus genetic

map sharing synteny with Mus or Rattus is given in

Table 1. Longer regions of shared synteny, including

shared gene order, occur between Peromyscus and Rattus

than occur with Mus (Table 1). Longer syntenic segments

without complete gene co-linearity are also conserved

between Peromyscus and Rattus than between Peromyscus

and Mus. When compared to the Rattus and Mus molecular

maps, the current Peromyscus genetic map has regions of

synteny conservation and total size representing *83 % of

the Rattus and 79 % of the Mus genomes.

Assignment of linkage groups to Peromyscus

chromosomes

The Peromyscus genetic map as linkage groups condi-

tionally assigned to chromosomes, and orientation of the

linkage group was possible on some Peromyscus chromo-

somes. The linkage groups on Peromyscus chromosomes 1,

5, and 10 are aligned with the short arm of the chromosome

at the top of the illustrated linkage group based on corre-

lation between the comparative map and hybridization to

Mus isolated whole chromosomes. Peromyscus Chr 2 has a

gap in hybridization to Mus Chr 4 possibly due to the

insertions of Mus Chr1 and Mus Chr 3 homologous, short

sequences revealed in the comparative map somewhere

near the centromere region. This suggests that this linkage

group also is aligned with the short arm of Peromyscus Chr

2 at the top.

The complexity of Peromyscus Chr 8 is revealed by both

the comparative mapping and hybridization analysis.

Hybridization of Mus whole chromosome probes correlates

with the comparative mapping, strongly confirming the

chromosome assignment of the linkage group. Only

hybridization to Mus Chr 4 was not revealed previously

(although this is based on a single marker). The longest

regions of the rat genome containing orthologous genes

mapped to Peromyscus chromosome 8 are on chromo-

somes 1 and 10; both these rat chromosomes also have

sequences hybridizing to Peromyscus chromosome 8.

Linkage groups assigned to Chr 21 and Chr 22 are

tentative. While Chr 21 has sequences homologous to Mus

Chr 17, hybridization of Rattus Chr 9 was not detected to

this chromosome. A similar situation holds for Peromyscus

Chr 22, with Mus Chr 10 hybridizing but not the other

chromosomes containing orthologous genes. Further, Rat-

tus Chr 6 contains orthologous genes to Peromyscus Chr 22

but does not show hybridization. These inconsistencies are

likely the result of the small size of these chromosomes.

All other Peromyscus chromosomes are assigned a sin-

gle linkage group consistent with their hybridization to

single Rattus and Mus chromosome regions that contain

orthologous genes. Orientation of the linkage group on

these chromosomes could not be determined. All X-linked

genes identified in Peromyscus are also X-linked in both

the Mus and Rattus. Extensive inversion differences exist

between the species, however.

Discussion

This medium density genetic map represents a major

advance in Peromyscus laboratory genetics. The gene-

based markers mapped here will provide important and

useful landmarks in the genome, while the microsatellites

will aid in fine-mapping of phenotypic traits.

The Peromyscus genetic map covers *83 % of the

Rattus and 79 % of the Mus genomes. The entire Pero-

myscus genetic map presented here including the X-chro-

mosome is 1499 cm in length compared to 1445 cm for

Mus (Cox et al. 2009) and 1503 cM for Rattus (Brown

et al. 1998). Approximately 20 % of the Peromyscus

genome is likely not included in the current genetic map.

Thus, identification and assignment of additional markers

to the map would appear to make the Peromyscus linkage

map larger than that of Mus or Rattus. A recent linkage

map constructed for the prairie vole (Microtus ochrogaster)

suggested to cover about 90 % of the genome was 1707 cm

in length, based on recombination analysis in both sexes

(McGraw et al. 2011). Thus, the Peromyscus genetic map

may be closer in size to that of the prairie vole.

There is confidence in the identity of synteny and

homologous relationships between the Peromyscus linkage

map and the genome of other species including assignment

of linkage groups to chromosomes. This is primarily due to

supporting FISH studies and the number of gene-based

markers used in map construction. The FISH studies

(Mlynarski et al. 2008) using both isolated chromosomes

from Mus and Rattus as probes on Peromyscus chromo-

some spreads as well as the reciprocal were further sup-

ported by synteny relationships between Mus and Rattus at

the molecular level (Sinha and Meller 2007).

However, minor differences are observed between

results with the reciprocal chromosomal hybridization

studies and older ones using only isolated chromosomes of

cFig. 4 Coverage of the Peromysus genetic map revealed by com-

parison to the Rattus and Mus genomes. The length of the

corresponding Peromyscus mapped segments containing homologous

Mus or Rattus chromosomes is indicated. The vertical mark at the end

of each chromosome indicates the full length of the Rattus or Mus

chromosome. The numbers at the end of the linkage segments are the

Peromyscus chromosomal linkage group segments in order corre-

sponding to the Rattus or Mus chromosomes. In cases of overlap of

corresponding Peromyscus linkage segments (Rattus 7, 16 and Mus

17), the number(s) before the slash represent segment(s) on the

bottom, and those after the slash represent the segment(s) on the top
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a single species for hybridization analysis on Peromyscus

chromosome spreads. For example, previous FISH analysis

using only Mus chromosome paint probes indicated that

Mus Chr 3 hybridized to two regions of Peromyscus Chr 3

(Dawson et al. 1999). However, the use of both the Mus

and Rattus chromosome probes suggests Mus Chr 3 and

Rattus Chr 2 correspond to Peromyscus Chr 6 (Mlynarski

et al. 2008), and large regions of synteny between Mus Chr

3 and Rattus Chr 2 exist at the molecular level (Sinha and

Meller 2007) supporting this conclusion. The Peromyscus

linkage group assigned to Chr 6 is syntenic with a long

region of Rattus Chr 2 and Mus Chr 3.

Previous FISH analysis with three Mus paint probes that

suggested hybridization of Mus Chr 7 and Chr 9 to Pero-

myscus Chr 1 and Chr 7, respectively (Dawson et al. 1999),

is in complete agreement with the results using both the

Mus and Rattus chromosome probes (Mlynarski et al.

2008). However, most of Mus Chr 3 was presumed to

hybridize to two regions of Peromyscus Chr 3 (Dawson

et al. 1999), but the cross-species whole chromosome FISH

using both the Rattus and Mus isolated chromosomes as

probes suggested Mus Chr 3 hybridizes entirely to Pero-

myscus Chr 6 as does Rattus Chr 2 (Mlynarski et al. 2008).

The use of both the Mus and Rattus whole chromosome

probes on Peromyscus chromosome spreads provides

additional evidence of the homology relationships among

Peromyscus Chr 6, Rattus Chr 2, and Mus Chr 3. Moreover,

Peromyscus Chr 3 hybridizes entirely with Rattus Chr 4

and Mus Chr 6 to a considerable extent with only the

proximal region of the long arm of Peromyscus Chr 3

hybridizing to Mus Chr 5. These results are supported by

the synteny relationships between Mus and Rattus analyzed

at the sequence level (Sinha and Meller 2007). Peromyscus

chromosomes 3 and 6 are of similar overall size with

similar centromere position and somewhat similar banding

pattern (Greenbaum et al. 1994) possibly accounting for

this discrepancy.

Despite attempts to unify chromosome 8 via additional

markers predicted to map to this region, no linkage was

obtained. One explanation for the anomalous chromosome

8 results is that this region contains a recombination hot-

spot, possibly induced by the interspecific hybridization.

Interestingly, the Prdm9 locus is located within this region.

Prdm9 encodes a histone methyltransferase which has been

implicated in determining recombination hotspots (Baudat

et al. 2010). Moreover, Prdm9 has been implicated in

reproductive isolation between Mus musculus musculus

and Mus musculus domesticus.(Mihola et al. 2009). Pero-

myscus maniculatus and P. polionotus have been shown to

differ in the number of zinc-finger domains encoded by this

locus (Oliver et al. 2009) consistent with the hypothesis

that Prdm9 plays a role in this phenomenon.

This study also offers insights into chromosomal evo-

lution. For example, prior studies have indicated inversions

in P. polionotus relative to P. maniculatus on chromo-

somes 5, 6, and 14 (Greenbaum and Baker 1978). Despite

these inversions, there is no obvious evidence of inhibition

of recombination as might be predicted. However, each of

these chromosomes has substantial regions with a paucity

of markers. Thus, increasing marker density may yet reveal

regions of inhibited recombination. The nascent genome

sequences of both the BW and PO will aid in such efforts.

This combination of the genetic map and genomes will

allow immediate genetic characterization and gene dis-

covery of natural variants and mutants within the Pero-

myscus species complex, such as those maintained at the

Peromyscus Genetic Stock Center (PGSC, http://stkctr.biol.

sc.edu/). That is, rigorous positional cloning approaches are

now feasible.

Future resource development will include greatly

increasing the density of this map through traditional and

newer genome wide approaches such as RAD-seq (Davey

et al. 2011) which can be used for gene discovery and

facilitating increased density of the genetic map. This

approach has recently been used to identify regions in the

genome controlling the complex behavior of nest-building

in Peromyscus (Weber et al. 2013). The results suggested

that at least three genetic regions on different linkage

groups control this behavior which is consistent with the

previous suggestion based on genetic analysis that two or

more loci control this phenotype (Dawson et al. 1988).

Other differences between these two species that might be

similarly investigated include differences in repetitive

behavior (Shorter et al. 2014), mating system, cholesterol

levels (Wiedmeyer et al. 2014) as well as the aforemen-

tioned differences in genomic imprinting/growth control

and glucose homeostasis.
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