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Abstract

The ornate shrew (Sorex ornatus) is a small predatory mammal with a broad distribution in northern, central, and southern California as well
as in Baja California, Mexico. The ornate shrew is a highly productive consumer in wetland environments and is known to hybridize with the
closely related vagrant shrew, Sorex vagrans. Here we present a high-quality de novo genome assembly for S. ornatus generated as a part of the
California Conservation Genomics Project. The S. ornatus genome was generated using PacBio HiFi long reads and Omni-C chromatin interaction
sequencing. The primary assembly is highly contiguous, with a contig N50 of 15.9 Mb, a scaffold N50 of 115.2 Mb, and a BUSCO completeness
score of 95.10%. The ornate shrew genome will serve as a valuable resource for future North American Sorex conservation genomics as well
as for research into shrew biology more generally.
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Introduction

Long tailed shrews (Sorex) are small insectivorous mam-
mals found primarily in temperate and boreal regions across
Europe, Asia, and North America. The genus Sorex includes
88 recognized species found in a variety of habitats including
woodlands, grasslands, wetlands, and alpine meadows (Mam-
mal Diversity Database 2025). They are known for their high
metabolic rates which can be up to 366% of the expected
metabolic rate for a mammal of the same size (Morrison
and Pearson 1946; Pearson 1948; Newman and Rudd 1978;
Taylor 1998; Ochocińska and Taylor 2005).

The ornate shrew (Sorex ornatus) is broadly distributed
across northern, central, and southern California west of
the Sierra Nevada, and into Baja California, Mexico (Fig. 1)
(Hall 1981; Owen and Hoffmann 1983; IUCN 2016). It
primarily inhabits saline and brackish marshes, or riparian
and palustrine habitats, though the species can be found in
drier grassland or chaparral habitat (Grinnell 1933; Rudd
1955; von Bloeker, JC Jr. 1967). S. ornatus is an impor-
tant predator in salt marsh environments (Newman 1970),
consuming primarily invertebrates and requiring an ample
supply of insect prey to maintain a constant high metabolic
rate. Marsh and wetland environments provide food and

dense ground cover, but these environments have been dis-
turbed by human development and pollution for over the
past 100 years (The Nature Conservancy 2011; Beagle et al.
2015; Benham and Bowie 2021). As populations continue to
be threatened by human interactions, genomic resources for
ornate shrews in California will be essential for understanding
levels and patterns of genetic variation and thereby informing
management decisions (Beninde et al. 2022; Fiedler et al.
2022).

While the ornate shrew has a broad distribution, the Buena
Vista Lake ornate shrew, S. o. relictus, is endangered, and four
other subspecies are listed as species of special concern by
the California Department of Fish and Wildlife (Monterey
shrew, S. o. salarius; southern California saltmarsh shrew,
S. o. salicornicus; Suisun shrew, S. o. sinuosus; and Santa
Catalina shrew, S. o. willetti; California Department of Fish
and Wildlife 2025). The Suisun shrew (S. o. sinuosus) likely
forms a hybrid zone with the closely related vagrant shrew
(Sorex vagrans) though the extent of hybridization remains
uncertain (Rudd 1955; Brown and Rudd 1981; Patton 2019).
Natural hybridization can be both beneficial and detrimental
to threatened species (e.g. Wilder et al. 2025), so characteriz-
ing this hybrid zone may be necessary to make an informed
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Fig. 1. (A) The ornate shrew (Sorex ornatus) is distributed across northern, central, and southern California west of the Sierra Nevada, and into Baja
California, Mexico. Dot indicates the collection location for the S. ornatus individual from which the genome in this assembly was generated. Range data
retrieved from IUCN. (B) an image of an endangered Buena Vista Lake shrew (S. o. Relictus) (photo by CSU Stanislaus, published by U.S. Fish and
Wildlife Service, Pacific southwest region).

assessment of extinction risk or to take conservation action
(Wayne and Shaffer 2016; Chan et al. 2019).

Here we present a whole-genome assembly for the ornate
shrew, Sorex ornatus salarius, a subspecies of special concern,
as part of the California Conservation Genomics Project
(CCGP) (Shaffer et al. 2022). This reference genome will
enable us to better understand the biogeography of North
American shrews of conservation concern, examine the extent
of gene flow between the Suisun shrew and the Vagrant shrew,
and serve as a reference for studies on shrew biology more
generally.

Methods

Biological materials

A female S. ornatus salarius was captured at McClusky
Slough, along the coast in north Monterey County, California
(36.84108465, −121.789764) on 10 March 2021 by Mark
Allaback and Chad Steiner. The specimen was prepared
by CJC as a museum study skin, skull, fluid preserved
carcass, and tissues were frozen at −80◦C for genomic and
transcriptomic use as a part of the CCGP. The specimen was
deposited as a vouchered specimen at the Museum of Verte-
brate Zoology, Berkeley, California (MVZ: Mamm240319,
CJC3344). For more details, visit https://arctos.database.mu
seum/guid/MVZ:Mamm:240319.

We extracted high molecular weight (HMW) genomic DNA
(gDNA) from 38 mg of liver tissue using the Nanobind
Tissue Big DNA kit following the manufacturer’s instructions
(Pacific BioSciences—PacBio, Menlo Park, CA). Subsequently,
the extracted HMW DNA underwent additional purification
through the phenol-chloroform method (PacBio). DNA purity
was estimated using absorbance ratios (260/280 = 1.84 and
260/230 = 2.40) on a NanoDrop ND-1000 spectrophotome-
ter, and the yield (7.3 μg) was quantified using the Quantus

Fluorometer with the QuantiFluor ONE dsDNA Dye assay
(Promega, Madison, WI). Size distribution analysis of the
HMW DNA was performed utilizing the Femto Pulse system
(Agilent, Santa Clara, CA), revealing that 82% of the frag-
ments were 75 kilobases (kb) or longer.

Nucleic acid library preparation

The HiFi SMRTbell libraries were constructed using the
SMRTbell Express Template Prep Kit v2.0 (PacBio, Cat.
#100–938-900) and SMRTbell prep kit 3.0 (PacBio, Cat.
#102–182-700) according to the manufacturer’s instructions.
HMW gDNA was sheared to a target DNA size distribution
between 15 kb and 18 kb using Diagenode’s Megaruptor 3
system (Diagenode, Belgium; cat. B06010003). The sheared
gDNA was concentrated by AMPure PB beads (PacBio, Cat.
#100–265-900) for multiple enzymatic reactions such as
removal of single-strand overhangs, DNA damage repair,
end-repair/A-tailing, overhang adapter ligation, and nuclease
treatment. The first two SMRTbell libraries were size selected
using the BluePippin/PippinHT system (Sage Science, Beverly,
MA; Cat #BLF7510/HPE7510) according to the v2.0 protocol
to collect fragments >7–9 kb. The third SMRTbell library
was size selected using 3.1X of 35% v/v diluted AMPure PB
beads to progressively remove SMRTbell templates < 5 kb
according to the SMRTbell prep kit 3.0 protocol. The
HiFi SMRTbell libraries were sequenced at UC Davis DNA
Technologies Core (Davis, CA) using nine SMRT cells (PacBio,
Cat #101–389-001), Sequel IIe sequencing chemistry 2.0, and
30-hour movies each on a PacBio Sequel IIe sequencer.

The Omni-C library was prepared using the Dovetail™
Omni-C™ Kit (Dovetail Genomics, Scotts Valley, CA) accord-
ing to the manufacturer’s protocol with slight modifications.
First, specimen tissue (liver, ID: CJC3344) was thoroughly
ground with a mortar and pestle while cooled with liquid
nitrogen. Subsequently, chromatin was fixed in place in the
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nucleus. The suspended chromatin solution was then passed
through 100 μm and 40 μm cell strainers to remove large
debris. Fixed chromatin was digested under various con-
ditions of DNase I until a suitable fragment length distri-
bution of DNA molecules was obtained. Chromatin ends
were repaired and ligated to a biotinylated bridge adapter
followed by proximity ligation of adapter containing ends.
After proximity ligation, crosslinks were reversed and the
DNA was purified from proteins. Purified DNA was treated
to remove biotin that was not internal to ligated fragments.
An NGS library was generated using an NEB Ultra II DNA
Library Prep kit (New England Biolabs, Ipswich, MA) with an
Illumina compatible y-adaptor. Biotin-containing fragments
were then captured using streptavidin beads. The post capture
product was split into two replicates prior to PCR enrichment
to preserve library complexity with each replicate receiving
unique dual indices. The library was sequenced at the Vincent
J. Coates Genomics Sequencing Lab (Berkeley, CA) on an
Illumina NovaSeq 6000 platform (Illumina, CA) to generate
∼100 million 2 × 150 bp read pairs per gigabase (Gb) of
genome size.

Nuclear genome assembly

We assembled the genome of the S. ornatus specimen fol-
lowing the CCGP assembly pipeline, which uses PacBio HiFi
reads and Omni-C data to produce high quality and highly
contiguous genome assemblies. The pipeline is outlined in
Supplementary Table 1 and lists the tools and non-default
parameters used in the assembly process. First, we removed
the remnant adapter sequences from the PacBio HiFi dataset
using HiFiAdapterFilt (Sim et al. 2022) and generated the
initial phased diploid assembly using HiFiasm (Cheng et al.
2021, Cheng et al. 2022, Cheng et al. 2024) on Hi-C mode,
with the filtered PacBio HiFi reads and the Omni-C dataset.
We aligned the Omni-C data to each assembly separately fol-
lowing the Arima Genomics Mapping Pipeline (https://github.
com/ArimaGenomics/mapping_pipeline) and then scaffolded
each assembly with SALSA (Ghurye et al. 2017; Ghurye et al.
2019).

Assemblies were manually curated by iteratively generating
and visually analyzing their corresponding Omni-C contact
maps. We generated two sets of contact maps, one to be
visualized with HiGlass (Kerpedjiev et al. 2018), an interac-
tive contact map viewer, and the second, with PretextView
(https://github.com/wtsi-hpag/PretextView), which allows for
interactive modifications of the contact maps.

To generate the contact maps for HiGlass, we aligned the
Omni-C data with BWA-MEM (Li 2013), identified ligation
junctions, and generated Omni-C pairs (Lee et al. 2022)
using pairtools (Open2C et al. 2023). We generated a multi-
resolution Omni-C matrix with cooler (Abdennur and Mirny
2020), balanced it with hicExplorer (Ramírez et al. 2018) and
aggregated the data to be uploaded to the HiGlass viewer.

For the Pretext contact maps, we used the same Omni-C
alignments as for the HiGlass contact maps and converted
them into pretext format using PretextMap (https://github.
com/wtsi-hpag/PretextMap), and visualized and modified the
contact maps with PretextView (https://github.com/wtsi-hpa
g/PretextView).

By jointly visualizing and analyzing the contact maps from
these two platforms we are able to properly modify the
contact maps and later modify the assemblies using the Rapid
Curation pipeline from the Wellcome Trust Sanger Institute,

Genome Reference Informatics Team (https://gitlab.com/wtsi-
grit/rapid-curation).

Some of the remaining gaps (joins generated during scaf-
folding and/or curation) were closed using the PacBio HiFi
reads and YAGCloser (https://github.com/merlyescalona/ya
gcloser). Finally, we checked for contamination using the
BlobToolKit Framework (Challis et al. 2020).

Contact maps for the final version of the assemblies
were generated as pretext contact maps and visualized with
PretextSnapshot (https://github.com/wtsi-hpag/PretextSna
pshot).

Genome quality assessment

We generated k-mer counts from the Omni-C reads using
meryl (https://github.com/marbl/meryl). The k-mer counts
were then used in GenomeScope2.0 (Ranallo-Benavidez
et al. 2020) to estimate genome features including genome
size, heterozygosity, and repeat content. For contiguity
metrics, we ran QUAST (Gurevich et al. 2013). To evaluate
genome quality and functional completeness we used BUSCO
(Manni et al. 2021) with the Mammalian ortholog database
(mammalia_odb10) which contains 9226 genes. Assessment
of base level accuracy (QV) and k-mer completeness was
performed using the previously generated meryl database
and merqury (Rhie et al. 2020). We further estimated
genome assembly accuracy via the BUSCO gene set frameshift
analysis using the pipeline described in Korlach et al. (2017).
Measurements of the size of the phased blocks are based on
the size of the contigs generated by HiFiasm on HiC mode. We
follow the quality metric nomenclature established by Rhie
et al. (2021), with the genome quality code x.y.P.Q.C, where,
x = log10[contig NG50]; y = log10[scaffold NG50]; P = log10
[phased block NG50]; Q = Phred base accuracy QV (quality
value); C = % genome represented by the first ‘n’ scaffolds,
following a karyotype of 2n = 54, known for the number of
chromosomes for this species (Junge and Hoffmann 1981;
Challis et al. 2023). Quality metrics for the notation were
calculated on the primary haplotype assembly.

Collinearity analysis

We assessed synteny between S. ornatus and Sorex fumeus
(GCA_029834395.1) using ntSyt (Coombe et al. 2024). We
used Mash (Ondov et al. 2016) and estimated the mean
sequence divergence between S. ornatus and S. fumeus to be
5.88%. Synteny blocks were estimated using ntSynt with the
default parameters for taxa which are 1% to 10% diverged.
Synteny blocks were then plotted using ntSynt-viz (Coombe
et al. 2025) after removing scaffolds <5 Mb in length.

Genome annotation

We identified repetitive elements using the RepeatMod-
eler2 LTR pipeline 2.0.7 (Flynn et al. 2020) and masked
repetitive regions using RepeatMasker 4.1.7-p1 (Smit et al.
2013). Gene annotations were generated by using Liftoff
1.6.3 to map annotations from the S. fumeus assembly
(GCA_029834395.1).

Mitochondrial genome assembly

We assembled the mitochondrial genome of S. ornatus
from the PacBio HiFi reads using the reference-guided
pipeline MitoHiFi (Uliano-Silva et al. 2023; Allio et al.
2020). The mitochondrial sequence of a Sorex thibetanus
(NCBI:NC_064993.1) was used as the starting reference
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Table 1. Metrics for the primary and alternate assemblies of the ornate
shrew (Sorex ornatus) genome.

Metric Primarya Alternate

Number of contigs
Contig N50 (bp)
Contig NG50b

Longest contig
Number of Scaffolds
Scaffold N50
Scaffold NG50b

Largest scaffold
Phased block NG50b

Indel QV (Frame shift)
Size of final assembly
Gaps per Gbp (#Gaps)

983
15 899 521
33 300 491
88 766 022
624
115 205 878
141 903 287
192 264 598
33300.491
41.13274692
2 814 783 814
128(359)

676
19 322 863
32 956 168
72 226 950
350
113 643 214
142 201 381
193 129 750
32 956 168
40.01387523
2 788 702 286
117(326)

BUSCO
Complete genes
Complete: single copy
Complete: duplicated
Fragmented
Missing

95.1%
93.2%
1.9%
1.2%
3.7%

95.0%
93.2%
1.8%
1.2%
3.7%

Base pair QV 64.1758 63.9719
k-mer completeness 88.067 88.0366

aThe mitochondrial sequence was included in generating metrics for the
primary assembly. For example, there were 623 scaffolds in the nuclear
genome and 1 in the mitochondrial genome. bRead coverage and NGx
statistics have been calculated based on the estimated genome size of
1.45 Gb.

sequence. After completion of the nuclear genome, we
searched for matches of the resulting mitochondrial assembly
sequence in the nuclear genome assembly using BLAST+
(Camacho et al. 2009) and filtered out contigs and scaffolds
from the nuclear genome with a percentage of sequence
identity > 99% and size smaller than the mitochondrial
assembly sequence.

Results

Sequencing data

The Omni-C library generated 492.77 million read pairs and
the PacBio SMRTBell library generated 7.37 million HiFi
reads. The PacBio HiFi reads yielded ∼37X genome coverage
and had an N50 read length of 15 447 bp; a minimum read
length of 50 bp; a mean read length of 14 176 bp; and a
maximum read length of 56 163 bp (see Supplementary Fig. 1
for read length distribution). Based on the Omni-C data,
Genomescope 2.0 estimated a genome size of 2.7 Gb, a
0.836% heterozygosity rate and a 0.481% sequencing error
rate. The k-mer spectrum shows a bimodal distribution with
a major peak at ∼ 36-fold and a minor peak at ∼ 18-fold
coverage, corresponding to homozygotes and heterozygotes,
respectively (Fig. 2A).

Nuclear genome assembly

The final genome assembly (mSorOrn1) consists of two
phased haplotypes; the assemblies have been tagged as pri-
mary and alternate based on our assessment of completeness
and contiguity. The final haplotype assemblies are close in
size, with a difference of ∼ 26.08 Mb between haplotypes
(Table 1).

The primary haplotype (mSorOrn1.0.p) consists of 623
scaffolds spanning 2.81 Gb with a contig N50 of 15.90 Mb, a
scaffold N50 of 115.2 Mb, the largest contig size of 88.77 Mb,

and the largest scaffold size of 192.26 Mb (Table 1). The
alternate haplotype (mSorOrn1.0.a) consists of 350 scaffolds
spanning 2.79 Gb with a contig N50 19.32 Mb, a scaffold
N50 of 113.64 Mb, the largest contig size of 72.23 Mb and
the largest scaffold size of 193.13 Mb.

The primary haplotype has a BUSCO completeness score
for the Mammalian gene set of 95.1%, a base pair quality
value (QV) of 64.18, a k-mer completeness of 88.07%, and a
frameshift indel QV of 41.13. The alternate haplotype has a
BUSCO completeness score for the same gene set of 95%, a
base pair QV of 63.97, a k-mer completeness of 88.04%, and
a frameshift indel QV of 40.01.

During manual curation we made a total of 294 joins (152
on the primary haplotype and 142 on the alternate haplotype)
and 78 breaks (42 on the primary haplotype and 36 on the
alternate haplotype) based on the signal from the Omni-C
contact maps. We filtered out nine contigs corresponding to
undefined sequences and viruses (Astashyn et al. 2024; details
of the contamination screening is in Supplementary Table 3).
In addition, we removed 44 contigs matching mitochondrial
contaminants (22 per haplotype).

The Omni-C contact maps reveal a highly contiguous
assembly, suggesting that the S. ornatus genome is organized
in 27 chromosomes based on the number of major bins
along the diagonal axis of the plot (Fig. 2C and D). Assembly
statistics are reported in Table 1 and represented graphically
in Fig. 2C. We also estimated a high level of synteny
between this assembly and the PacBio assembly for S. fumeus
(Supplementary Fig. 1), although we note that the large
number of scaffolds for the S. fumeus assembly prevents a
detailed assessment of synteny for some chromosomes. We
have deposited the genome assembly in the NCBI GenBank
(see Supplementary Table 2 and Data Availability for details).

Mitochondrial genome assembly

We assembled a mitochondrial genome with MitoHiFi. The
final mitochondrial genome is circular and spans 17 106 bp.
The base composition of the final assembly is A = 33.39%,
C = 24.3%, G = 12.94%, T = 29.37%, and consists of 22
unique transfer RNAs, 13 protein coding genes and 2 rRNAs.
Gene composition and order follow the animal mitochondrial
genome structure (Boore 1999). We have deposited the
mitochondrial genome assembly in NCBI GenBank (See
Supplementary Table 2 and Data Availability for details).

Genome annotation

Through the RepeatModeler2 and RepeatMasker pipeline
(Smit et al. 2015), we identified 43.07% of the genome
as interspersed repeats, including 26.38% LINE elements,
1.03% LTR elements, 0.08% DNA transposons, 0.06%
SINES and 15.53% as unclassified repeats. The high
percentage of unclassified repeats and the low percentages
of LTR elements, DNA transposons, and SINES suggest that
many of these elements may be present but are not properly
classified. Liftoff transferred the majority of annotations from
S. fumeus, annotating 83.7% of genes and 96.1% of structural
features.

Discussion

Here we present a high-quality reference genome for the
ornate shrew, S. ornatus. The total length of the assembly
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Fig. 2. Graphical representation of genome assembly and quality. (A) GenomeScope2.0 K-mer spectrum from Omni-C reads. (B) BlobToolKit Snailplot
showing N50 metrics for S. ornatus assembly (mSorOrn1.0.p) and BUSCO scores for the mammalian set of orthologues. The outer circle displays the
base pair composition across individual scaffolds, while the inner circle displays scaffold lengths. Scaffolds are shown clockwise from largest to
smallest, with shading to indicate relevant lengths and counts. This indicates that the majority of the genome is in long scaffolds exceeding 34 mb and is
highly contiguous. (C, D) Omni-C contact maps of primary and alternate assemblies respectively. Shaded values on the dot plot indicate physical contact
between genomic sequences, so that shaded squares designate whole chromosomes. The 27 squares along the diagonal suggest a haploid genomic
organization of 27.

is 2.81 Gb, with an N50 of 115.2 Mb, 623 scaffolds, and a
BUSCO score of 95.1%. The assembly is highly contiguous,
with 85.6% of the assembly present on 21 scaffolds > 50 Mb
in length. Omni-C contact maps resolve an organization of 27
chromosomes, so many of these are likely chromosome-length
scaffolds. This aligns with the reported karyotype of S. ornatus
which has a haploid number of 27 chromosomes, including
one small dot-like chromosome (Brown and Rudd 1981). The
assembly consists of 43.07% repetitive elements, which is
typical for a mammalian genome, although somewhat high for
Eulipotyphlans (Osmanski et al. 2023). We do note that apart

from LINES, the proportion of individual repeat elements
is much lower than in other assemblies, however, there is a
high proportion (15.53%) of unidentified repeats, so further
manual curation may recover comparable repeat proportions.

This assembly joins five other species of Sorex with genomes
on GenBank, resulting in a total of eight Sorex primary assem-
blies (Table 2). The whole-genome reported here is one of
the highest quality Sorex assemblies, and the most contiguous
assembly from the subgenus Otisorex, with the highest N50
and lowest number of scaffolds (Findley 1955; Repenning
1967; Esteva et al. 2010). One Sorex araneus assembly is more
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Table 2. Whole-genome assemblies of different species of Sorex.

English name Scientific name Length (Gb) # Scaffolds Scaff. N50
(Mb)

Scaff. L50 Citation and
Genbank ID

European shrew Sorex araneus 2.41 65 374.4 3 Rhie et al. 2021
GCA_027595985.1

European shrew S. araneus 2.42 12 845 22.8 36 Lindblad-Toh et al. 2011
GCA_000181275.2

Smoky shrew Sorex fumeus 2.87 497 42.4 23 Cossette et al. 2024
GCA_029834395.2

Smoky shrew S. fumeus 2.28 3379 2.6 209 Cossette et al. 2023
GCA_026122425.1

Pygmy shrew Sorex hoyi 2.33 1289 6.3 92 Unpublished
GCA_051176015.1

Maritime shrew Sorex maritimensis 2.05 24 729 .105 5142 Cossette et al. 2024
GCA_030324115.1

American water shrew Sorex palustris 2.3 498 345 .00964 11 458 Unpublished
GCA_028565675.1

Ornate shrew Sorex ornatus 2.81 623 115.2 10 This Paper
GCA_041430695.1

contiguous, with an N50 of 374.4 Mb and 64 scaffolds (Rhie
et al. 2021). This assembly is longer than the majority of other
Sorex genomes, though slightly shorter than a 2.87 Gb S.
fumeus assembly (Cossette et al. 2024).

Sorex shrews are known for having elevated metabolic
rates and seasonal changes in body size and braincase depth
(Dehnel 1949; Crowcroft and Ingles 1959; Pucek and Pucek
1963), a phenomenon which has been observed in other
species with high metabolism and year-round activity (LaPoint
et al. 2016; Nováková et al. 2022). Seasonal changes in body
size, known as Dehnel’s phenomenon, was first observed in
the European common shrew (S. araneus), and has also been
documented in the ornate shrew (Newman 1977; Hays and
Lidicker 2000). This genome assembly may allow for useful
comparisons between species that do or do not exhibit high
metabolic rates or Dehnel’s phenomenon and may be used
to identify conserved and distinct pathways that enable this
lifestyle.

The ornate shrew is distributed across north, central,
and southern California, and extends into Baja California,
Mexico (Hall 1981; Owen and Hoffmann 1983; IUCN
2016). Multiple subspecies of the ornate shrew which
occupy salt marsh environments are listed as California
Department of Fish and Wildlife species of special concern
(S. o. salarius, S. o. salicornicus, S. o. sinuosus; California
Department of Fish and Wildlife 2025). Salt marshes in
California have been disturbed by human development,
and sea-level rise will continue to contribute to salt marsh
habitat loss (The Nature Conservancy 2011; Thorne et al.
2018). These subspecies depend on dense vegetation and
medium high marshes which provide habitat for invertebrate
prey as well as shelter from flooding (Johnston and Rudd
1957).

The closely related vagrant shrew (S. vagrans) is also widely
distributed, extending north from central California to south-
ern British Columbia, occupying primarily damp meadows,
forests and freshwater wetlands (Hennings and Hoffmann
1977; Junge and Hoffmann 1981; Gillihan and Foresman
2004). Molecular phylogenetic hypotheses suggest that the
ornate and vagrant shrews are sister species (Esteva et al.

2010; Hope et al. 2014). The salt marsh wandering shrew
S. v. halicoetes is a subspecies of special concern that com-
monly occupies some of the San Francisco Bay salt marshes,
alongside S. v. vagrans (Johnston and Rudd 1957; CDFW
2025). As a part of the CCGP, this assembly will be integrated
with whole-genome resequencing data from both S. ornatus
and S. vagrans to aid in management decisions regarding
endangered California Sorex subspecies, or those of special
concern (Beninde et al. 2022; Fiedler et al. 2022; Shaffer et al.
2022).

This genome assembly will also be useful for investigating
the extent of hybridization between these sister species in
the San Pablo and Suisun Bays. Morphological and genetic
study of this hybrid complex has revealed historical admixture
between S. o. californicus, S. o. sinuosus and S. v. vagrans,
likely followed by generations of backcrossing, resulting in
variable combinations of characteristics from each (Rudd
1955; Maldonado et al. 2004; Patton 2019). Individuals in
this complex all have karyotypes which correspond to the
ornate shrew (2n = 54, FN = 76) rather than the vagrant shrew,
which has a lower fundamental number (FN = 62) (Brown
1974; Brown and Rudd 1981). Mitochondrial genotyping has
revealed that the majority of Sorex individuals involved in
this hybrid complex have S. vagrans specific mitochondria,
indicating that historical hybridization resulted in mitochon-
drial capture, but the extent of whole-genome admixture is
unknown (Maldonado et al. 2001; Maldonado et al. 2004).
The difference in chromosome arm number is suggested to
be due to pericentric inversions (Patton 2019). If this is the
case, then this system may provide a useful model to study
the impact of structural variation on gene flow between
recently diverged species (White 1978). Hybridization may
also impact the potential management of the Suisun shrew,
as it may provide pathways for genetic rescue or may lead to
the loss of unique biodiversity Establishing the details of this
contact zone will be necessary for future conservation (Wayne
and Shaffer 2016; Chan et al. 2019). Overall, this genome
will serve as a resource for future North American Sorex
conservation genomics and may be useful for studies of high
metabolism and other traits associated with shrew biology.
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