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Background
The olive grass mouse, Abrothrix olivacea [1], a sig-
modontine of the tribe Abrotrichini, exhibits remark-
able ecological adaptability, thriving in diverse habitats 
in southern South America, across various regions in 
southernmost Perú, Chile and Argentina, from hyper 
arid deserts in southernmost Peru and northern Chile 
to the Valdivian and Magellanic temperate rainfor-
ests in the south, as well as the Chilean Mediterranean 
region, the Patagonian steppes and Fuegian grasslands 
[2]. This widespread distribution across heterogeneous 
landscapes offers valuable opportunities to explore how 
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Abstract
Abrothrix olivacea (Waterhouse, 1837), the olive grass mouse, is a widely distributed sigmodontine rodent 
that inhabits a broad range of environments, from the hyper arid deserts of southernmost Perú and northern 
Chile to the Patagonian steppe to the humid temperate rainforests of southern South America. Its extensive 
ecological breadth, coupled with physiological adaptations to water scarcity, makes it an ideal model for studying 
environmental responses and phenotypic plasticity. Here, we present the first de novo scaffold-level genome 
assembly of A. olivacea, generated from short-read DNA sequencing. The 2.25 Gb assembly achieved a scaffold 
N50 of 123 Mb and a BUSCO completeness score of 98.61%, indicating high sequence completeness. Genome 
annotation identified 21,476 protein-coding genes, providing a valuable resource for evolutionary, ecological, and 
functional genomics. As a case study, we used this reference genome to explore gene expression and genetic 
divergence in kidney tissue from individuals inhabiting contrasting environments: the southern Andean rainforest 
and the Patagonian steppe. By integrating single-cell transcriptomic data from Mus musculus, we performed cell 
type deconvolution, revealing environment-specific expression patterns linked to renal function. This new genomic 
resource opens avenues for investigating local adaptation, population structure, and conservation genetics in one 
of South America's most ecologically versatile and widely distributed rodents.
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phenotypic variability is structured and whether it corre-
lates with environmental features [3]. A. olivacea exhibits 
exceptional urine concentration capability and a relative 
medullary thickness comparable to desert-adapted spe-
cies [4, 5]. Higher tolerance to water shortage in popula-
tions from xeric habitats has already been demonstrated 
[6]. Based on variation in morphology, coloration pat-
terns, and DNA sequence data [7–10], distinct subspe-
cies of A. olivacea have been described, and six divergent 
mitochondrial phylogeogroups have been found along 
its distribution [11, 12]. More recently, studies of both 
mitochondrial DNA and nuclear SNPs (single-nucleotide 
polymorphisms) have further documented substantial 
geographical variation in this species, both latitudinally 
and across biomes [13]. All these characteristics make A. 
olivacea an excellent focal case for the study of geograph-
ical variation in response to environmental changes.

While a de novo transcriptome of A. olivacea has 
previously been reported [14, 15], a complete genome 
sequence for this species is not yet available. Therefore, 
we sequenced the entire genome of the olive mouse and 
subsequently performed its assembly and annotation. 
Here, we report the first de novo scaffold-level genome 
assembly for the olive mouse based on short-read DNA 
sequencing. The genome assembly yielded a 2.25  Gb 
sequence with a scaffold N50 of 123 Mb. Benchmarking 
with Glires universal single-copy gene orthologs (BUS-
COs) showed 98.8% completeness. Genome annotation 
resulted in the identification of 21,476 coding sequences. 
This breakthrough provides essential groundwork for 
numerous advancements. It enables genome-wide anal-
yses, detection of structural variations, improves gene 
annotation accuracy, and facilitates comparative genom-
ics. Furthermore, this genomic data is crucial for conser-
vation efforts, aiding in the identification of genetically 
distinct populations, understanding their evolutionary 
potential, and developing strategies for their preservation 
amidst environmental challenges.

We leveraged the newly generated genome assembly 
to investigate gene expression differences in the kidneys 
of individuals from the southern Andean rainforests and 
the Patagonian steppe and to assess genetic divergence 
among populations. Furthermore, employing a decon-
volution technique with the kidney single-cell profile 

of the house mouse (Mus musculus), we connected the 
observed gene expression variations to known kidney cell 
type functions. Also, beyond A. olivacea, other rodent 
models have been investigated for their physiological 
and transcriptomic responses to water limitation. In par-
ticular, the cactus mouse (Peromyscus eremicus), a desert 
specialist from North America, and the lesser Egyptian 
jerboa (Jaculus jaculus), native to the Saharan and Mid-
dle Eastern deserts, have been studied under experi-
mental dehydration challenges [16, 17]. The availability 
of genome assemblies and transcriptomic data for these 
species offers a valuable comparative framework to con-
textualize the responses observed in A. olivacea, enabling 
us to explore shared and lineage-specific mechanisms of 
kidney adaptation to arid environments.

Methods
Study site and sample collection
The individual used for genome sequencing was a male 
A. olivacea (field catalog number GD1411; housed at 
Colección de Mamíferos Universidad Austral de Chile 
under number UACH 8896). The specimen was col-
lected on April 21, 2011, at Fundo San Martín, San José 
de la Mariquina, Los Ríos Region, Chile (39°38.954′ S, 
73°11.553′ W).

Kidney expression profiles were sourced from earlier 
studies that aimed to characterize the kidney transcrip-
tome and deepen insights into the molecular adjustments 
to water availability [14, 15]. The raw sequences can be 
accessed in NCBI under BioProjects PRJNA471316 and 
PRJNA231324, as well as in Table S1.

Genomic DNA extraction, sequencing, and assembly
High molecular weight genomic DNA was extracted from 
frozen liver tissue using a standard DNA purification kit 
(Qiagen) following the manufacturer’s recommenda-
tions. The extracted DNA was treated with RNase A to 
remove RNA contaminants. DNA quality and concentra-
tion were assessed with a NanoDrop spectrophotometer 
and a Qubit fluorometer, and integrity was confirmed 
by agarose gel electrophoresis. A whole-genome shot-
gun approach on the Illumina HiSeq™ 2500 platform was 
employed to sequence the genome. This process yielded a 
total of 60.5 Gb as a paired-end library with insert sizes of 
about 400 base pairs (bp) and 18.8 Gb as two mate-paired 
libraries with insert sizes of 3 kb and 8 kb (Table 1).

Initially, Jellyfish [18] and Genomescope 2.0 [19] were 
used to perform k-mer analysis by short insert size library 
reads before assembly; the genome size was estimated to 
be 2.25 Gb. Quality control on the raw sequence data was 
checked with FastQC v0.12.1 [20]; low-quality reads and 
adaptors were removed using Trim Galore v.0.6.10 [21].

The initial assembly was created with MaSuRCA 
v.4.1.4 [22]. Genome assembly was further aided by the 

Table 1  Statistics of genome sequencing of the Olive mouse 
Abrothrix olivacea
Library Insert 

size
Read 
length

Total 
bases 
(Gbp)

Cover-
age 
percent

Pair-end libraries 400 bp 125 60.5 98.56
Mate-pair libraries 3 kb 125 5.5 92.21

8 kb 125 13.3 90.41
Coverage was calculated based on the final assembled genome size
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Redundans pipeline [23]. Scaffolding improvements 
were achieved using RagTag in scaffold mode [24], 
leveraging the Phyllotis vaccarum reference genome 
(GCA_033318265.1) to guide structural organization. 
Finally, abyss-sealer [25] was used to fill gaps in the scaf-
folds. Figure 1 illustrates this process.

Assembly quality assessment
To evaluate the base-level accuracy and completeness 
of the genome assembly independently of a reference 
genome, we utilized Merqury v1.3 [26]. A k-mer database 
(k = 21) was constructed from the high-quality, filtered 
Illumina short reads using Meryl. The k-mer spectrum 
of the reads was then compared against the A. olivacea 
assembly to calculate the consensus Quality Value (QV) 
and overall k-mer completeness.

To assess the assembly quality and derive compara-
tive insights of A. olivacea, a comparative genomic 
framework was established using available assem-
blies from Phyllotis vaccarum (GCA_033318265.1), 
Sigmodon hispidus (GCA_047301775.1), Holochi-
lus nanus (GCA_050578075.1), Peromyscus man-
iculatus (GCA_049852395.1), and Mus musculus 
(GCA_000001635.9) retrieved from the NCBI repository.

To provide a standardized comparison of genome con-
tiguity and composition, we evaluated all assemblies 
using QUAST v5.3.0 [27]. The evaluation was performed 
simultaneously for all species using the –eukaryote and 
–large parameters, which are optimized for mammalian-
sized genomes. The highly fragmented assembly of H. 
nanus (> 117,000 sequences) was included in this sta-
tistical comparison but subsequently excluded from the 

structural synteny analysis to prevent computational arti-
facts and severe visual overplotting caused by excessive 
short contigs.

Macrochromosomal synteny analysis
To trace structural rearrangements, a multi-genome 
macrochromosomal synteny analysis was conducted 
using the ntSynt pipeline v1.05 [28]. To focus on large-
scale structural conservation, all genome assemblies were 
first filtered to retain only scaffolds and chromosomes 
larger than 50 kb using SeqKit v2.13.0 [29].

The filtered assemblies (A. olivacea, P. vaccarum, S. 
hispidus, P. maniculatus, and M. musculus) were jointly 
analyzed in ntSynt to compute a multi-genome synteny 
block graph. Given the phylogenetic span, the sequence 
divergence parameter (-d) was set to 0.20. For visualiza-
tion, the synteny blocks were parsed using the ntSynt-viz 
tool v1.0.2 [30].

Also, genome completeness was assessed using 
BUSCO v.5.8.0 [31, 32] and compleasm v.0.2.6 [33] with 
the orthodb (v12) glires lineage dataset. Summary statis-
tics were calculated with gfastats v1.3.6 [34]. To evaluate 
assembly quality, we analyzed the genome assembly with 
BlobToolKit v. 4.4.6 [35].

Structural and functional annotation
Before genome annotation, repeat elements were iden-
tified and characterized using RepeatModeler v2.0.5 
[36] to generate a de novo repeat library. Subsequently, 
repetitive elements were masked using RepeatMasker 
v4.1.5 [37], incorporating both the de novo library and 
known repeats from RepBase. Two independent gene 

Fig. 1  Workflow of the genome assembly and annotation of the olive mouse. Panel A shows sequencing and pre-processing steps, including Illumina 
short-read sequencing, quality control, and k-mer analysis. Panel B summarizes the assembly pipeline, consisting of initial assembly with MaSuRCA, re-
dundancy reduction with Redundans, scaffolding with RagTag using Phyllotis vaccarum as reference, and gap filling with ABySS-Sealer. Panel C presents 
the evaluation stage, where assembly completeness and quality were assessed with Compleasm gfastats and BlobToolKit. Colors indicate different cat-
egories: input/sequencing (blue), pre-processing (green), assembly/scaffolding (yellow), and evaluation (pink)
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annotations were generated. First, BRAKER3 v3.0.8 [38] 
was run using RNA-seq data aligned to the genome as 
transcriptomic evidence, together with protein homol-
ogy evidence from the Glires RefSeq protein data-
base. Second, gene prediction transfer was performed 
using LiftOn v1.0.5 [39], employing Mus musculus 
(GCF_000001635.27) as reference genome annotation. 
Finally, both annotations were merged using AGAT 
tools (agat_sp_merge.pl and agat_sp_fix_features_loca-
tions_duplicated.pl) [40] to generate the final consensus 
annotation. The structural annotation obtained was also 
analyzed using BUSCO v.5.8.0.

Differential expression
Kidney RNA-Seq data were initially quality-trimmed 
using TrimGalore v0.6.10. High-quality reads were subse-
quently aligned to the assembled genome using HISAT2 
v2.2.1 [41]. Gene-level read counts were obtained with 
FeatureCounts [42]. To minimize noise and ensure robust 
results, only genes with counts per million (CPM) ≥ 1 in 
at least one experimental group were retained for down-
stream analyses. Consistency among biological repli-
cates was evaluated using principal component analysis 
(PCA) implemented via the prcomp function in R [43]. 
Read counts were normalized using the Trimmed Mean 
of M-values method (TMM) and differential expression 
analysis was conducted using the edgeR [44] and limma 
[45] packages. The model included a single main factor 
(biome), comparing forest and steppe samples. Genes 
with adjusted p-values < 0.05 [46] were considered signifi-
cantly differentially expressed (DEGs).

In parallel, the publicly available datasets from Pero-
myscus eremicus (BioProject PRJEB19330; [16]) and 
Jaculus jaculus (BioProject PRJNA935758; [17]) were 
reanalyzed but using the newly available genomes as 
reference (GCA_949786415.1 and, GCA_020740685.1, 
respectively), and all available samples from that study 
were processed for comparative purposes.

Biological and functional analysis of DEGs
The ClusterProfiler v4.12.0 package [47] was utilized for 
gene set enrichment analysis (GSEA) of DEGs. This anal-
ysis was conducted on the complete set of genes using 
the Mouse MSigDB [48, 49]. Gene Ontology and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) were 
tested separately for each data set. Furthermore, to iden-
tify the source of DEGs at the cell type level from bulk 
RNA-seq data, a user-defined criterion of cell type signa-
ture gene set was created containing cluster marker genes 
for cell types identified in single-cell sequencing studies 
of mouse kidney [50–52]. Normalized enrichment score 
(NES) was used to indicate the strength of enrichment. 
|NES|≥ 1.0 and adjusted or nominal p-value < 0.05 were 
defined as statistical significance.

Transcriptomic deconvolution of bulk kidney RNA-seq
To estimate the cellular composition of kidney bulk 
RNA-seq samples from Abrothrix olivacea, we per-
formed transcriptomic deconvolution using CIBER-
SORTx [53]. As a reference, we used the Tabula Muris 
Droplet dataset [54], a publicly available scRNA-seq 
atlas of the house mouse (Mus musculus). We filtered the 
dataset to retain only kidney-derived cells. To generate 
the cell-type signature matrix, we used the Aggregate-
Expression function from Seurat v5 [55] to compute the 
average expression per annotated cell type, based on raw 
counts. This matrix was used as input for CIBERSORTx. 
Bulk RNA-seq counts were obtained using featureCounts 
[42] and preprocessed with edgeR [44]. Genes with zero 
counts across all samples were removed. Normalization 
to counts per million (CPM) was performed using edgeR. 
The resulting CPM matrix was used as input for CIBER-
SORTx along with the cell-type signature matrix derived 
from mouse kidney scRNA-seq data. Deconvolution was 
run with 100 permutations using default settings. Given 
the phylogenetic distance between M. musculus and A. 
olivacea, gene identifiers were manually curated to retain 
only orthologous genes shared across species, ensuring 
compatibility between bulk and single-cell matrices.

Mitogenome assembly and annotation
The mitogenome was assembled, annotated and visu-
alized using MitoZ v3.6 [56]. The mitogenome of 
Akodon montensis was used as the starting sequence 
(NC_025746.1). The resulting circularised mitogenome 
was 16428  bp in length and contained the standard 37 
vertebrate mitochondrial genes (13 protein-coding, 22 
tRNAs, and 2 rRNAs) (Figure S1).

Results and discussion
Genome assembly and annotation
We obtained a high-contiguity de novo genome assem-
bly for A. olivacea with a total length of ~ 2.25 Gb and a 
heterozygosity rate of 0.942% (Fig.  2). The largest scaf-
fold reached 200.1  Mb, and the assembly showed an 
excellent scaffold N50 of 122.5 Mb with an L50 of 8. The 
assembly contains 630,661 gaps, totaling 7.78 Mb, which 
represents only 0.35% of the entire sequence. The result-
ing assembly exhibits a high level of completeness, as 
assessed by compleasm, which indicated that 98.81% of 
the expected Glires single-copy orthologs were success-
fully recovered (Table 2). This project has been deposited 
at NCBI under the number PRJNA471316.

To rigorously evaluate the quality of our assembly 
in an evolutionary context, we performed a standard-
ized comparative analysis against publicly available 
genomes of related rodents (Table  2). When compar-
ing genomic metrics, it is essential to consider that the 
differences in genome size and GC content observed 
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between A. olivacea and the selected reference species 
are heavily influenced by the sequencing strategy (Illu-
mina vs. PacBio/Nanopore) rather than being purely 
driven by evolutionary divergence. Short-read sequenc-
ing (Illumina) inherently struggles to resolve long, com-
plex repetitive elements, such as transposable elements 
and GC-rich centromeric or telomeric satellites. These 
regions frequently collapse during the assembly graph 
resolution. Consequently, short-read assemblies like ours 
often present an artificially compressed total genome size 
(~ 2.2 Gb) and a slightly lower overall GC content (~ 40%) 
compared to third-generation long-read assemblies, 

which can successfully span and incorporate these mas-
sive repetitive blocks. While true evolutionary expan-
sions or contractions of repetitive landscapes likely exist 
among these rodents, disentangling biological divergence 
from short-read assembly collapse requires cautious 
interpretation.

Furthermore, reference-free k-mer analysis using 
Merqury demonstrated a high base-level accuracy. The 
assembly achieved a highly reliable consensus Qual-
ity Value (QV) of 51.3, corresponding to a remarkably 
low error rate of approximately 7.36 errors per mil-
lion bases. The overall k-mer completeness was 84.88%. 

Fig. 2  BlobToolKit snail plot summarizing key statistics of the genome assembly, including scaffold length distribution, N50, GC content, and complete-
ness (BUSCO scores). This visualization provides an overview of the assembly quality and characteristics
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This completeness value is consistent with the expected 
performance of short-read assemblies in mammalian 
genomes, as it reflects the accurate reconstruction of the 
unique euchromatic space while capturing the inherent 
collapse of complex, highly repetitive heterochromatic 
regions.

To explore the structural evolution of these genomes, 
we performed a macrochromosomal synteny analysis 
(Fig.  3). The analysis revealed a highly complex pattern 
of structural rearrangements and fragmented syntenic 
blocks across the evaluated lineages. While strong mac-
rochromosomal colinearity was observed between A. 
olivacea and P. vaccarum, this high degree of conserva-
tion must be interpreted cautiously, as it largely reflects 
the methodological reliance on the P. vaccarum assembly 
for the reference-guided scaffolding of our A. olivacea 
contigs.

Overall, the complex structural divergence observed 
underscores a major ongoing limitation in Neotropi-
cal rodent genomics, the severe lack of genomic data 
for intermediate phylogenetic nodes. The Sigmodon-
tinae subfamily represents one of the most explosive 

mammalian radiations, likely accompanied by rapid 
karyotypic evolution [57]. Until a broader representation 
of chromosome-level genomes from diverse sigmodon-
tine tribes becomes available, accurately reconstruct-
ing the precise evolutionary history of chromosomal 
rearrangements across this clade remains a significant 
challenge.

In addition, RNA-seq read mapping confirmed that 
the assembled transcripts were well represented within 
the A. olivacea scaffolds. As an example, Fig.  4 shows 
RNA-seq read alignments across the Atp1a2 gene, which 
is expressed at moderate levels and has a typical mul-
tiexonic structure. The uniform read coverage across 
exons and the presence of clear exon–intron boundar-
ies support the quality and completeness of the genome 
assembly. A total of 21,476 protein-coding genes were 
predicted in the assembled genome with an average cod-
ing DNA sequence length of 1,711 bp (Table 3).

Dataset for ecotype-associated targets
To assess the impact of using a complete reference 
genome on differential expression analyses, we revisited 

Table 2  Comparative statistics of genome assembly and completeness across selected species
Feature Sigmodon hispidus Abrothrix olivacea Phyllotis vaccarum Mus musculus Holochilus nanus
# contigs 39 95 303 60 86,722
Largest contig 243,842,572 200,137,661 206,300,460 195,154,279 534,501
Total length 2,668,580,129 2,247,830,787 2,660,325,576 2,728,220,475 2,151,540,032
GC (%) 39.96 40.15 40.01 41.67 40.5
N50 118,707,662 122,490,069 147,873,771 130,530,862 44,122
N90 64,898,139 81,833,982 59,266,063 95,294,699 10,740
auN 126,873,257 128,825,928 126,465,570 137,559,669 60,883.4
L50 9 8 8 9 13,595
L90 21 16 19 18 51,663
# N's per 100 kbp 0.14 437.01 0.49 2697.75 1899.75
Compleasm(%) 99.65 98.81 99.62 99.98 69.25
Sequencing technology PacBio Sequel Illumina PacBio; Illumina Multiple Illumina NovaSeq

Fig. 3  Macrochromosomal synteny. The ribbon plot illustrates the conservation and rearrangement of syntenic blocks between A. olivacea and related 
rodent species. Genomes are ordered according to the phylogenetic topology shown on the left (Newick tree)

 



Page 7 of 14Magallanes Alba et al. BMC Genomics          (2026) 27:521 

the data previously analyzed by Giorello et al. (2018), 
who employed a de novo transcriptome assembly for A. 
olivacea to assess differential expression profiles in for-
est and steppe samples. In our study, we used the newly 
assembled reference genome of the species for read 
mapping and quantification. Using the genome-based 
approach, we identified 985 differentially expressed 
genes (FDR < 0.05) between forest and steppe individu-
als, whereas the previous de novo transcriptome-based 
analysis reported 2,860 differentially expressed tran-
scripts under the same significance threshold. Among 
these, 523 genes were shared between both approaches. 
The observed differences likely reflect the higher frag-
mentation and potential redundancy inherent to de novo 
assemblies, as well as the improved read assignment and 
gene annotation provided by the reference genome. These 
results highlight the importance of having a high-quality 
genome to optimize comparative transcriptomic analyses 

in non-model species (Fig. 4). However, it is important to 
note that many genes were exclusively detected as differ-
entially expressed in the previous analysis by Giorello et 
al. (2018). These may include lineage-specific or poorly 
annotated transcripts, isoform variants, or tissue-specific 
genes that are underrepresented or fragmented in the 
current genome annotation. Therefore, both strategies 
are complementary, the reference genome enhances con-
fidence and interpretability, while transcriptome-based 
assemblies may still capture biologically relevant ele-
ments missed by automated annotation. Future annota-
tion efforts integrating long-read sequencing and manual 
curation will be essential to reconcile these two views 
and fully capture the transcriptional complexity of A. 
olivacea.

To further investigate the sources and pathways asso-
ciated with these DEGs, we conducted GSEA using the 
C5 ontology gene sets as references where 143 signifi-
cant clusters were detected (Table  4 and Table S2). The 
analysis revealed that DEGs associated with the forest 
ecotype were significantly enriched in several immune-
related processes, including antigen processing and pre-
sentation, regulation of T cell mediated cytotoxicity, and 
response to interferon beta. This suggests an upregulation 
of both innate and adaptive immune responses in forest-
dwelling individuals, potentially reflecting increased 
exposure to pathogens in more humid environments 
or ecotype-specific immune strategies. In contrast, 
DEGs associated with the steppe ecotype (i.e., gene sets 
with negative enrichment scores) were predominantly 
enriched in developmental and metabolic processes 
such as kidney morphogenesis, epithelial cell differentia-
tion, lipid metabolism, and thermogenesis. These func-
tions are consistent with adaptive responses to arid and 
colder environments, where efficient water reabsorption 
and non-shivering thermogenesis may be particularly 

Table 3  Summary of protein-coding gene annotation
Feature Value
Number of genes 32,647
Number of transcripts 36,625
Number of protein-coding sequences (CDS) 21,476
Number of exons 268,728
Genes with a single exon 8,212
Average gene length (bp) 28,900
Average CDS length (bp) 1,711
Average transcript length (bp) 30,716
Average exons per transcript 7.3
Average introns in CDS per transcript 4.8
% genome covered by genes 42.00%
% genome covered by CDS 1.60%
Longest gene (bp) 2,100,374
Longest CDS (bp) 88,110
Longest intron (bp) 768,181

Fig. 4  RNA-seq reads coverage across the Atp1a2 gene in A. olivacea. The top panel shows the genomic region containing the Atp1a2 locus, while the 
middle panel displays the RNA-seq read alignments. The bottom panel shows transcript models predicted from the RNA-seq data. Exon coverage and 
splice junctions are well supported, illustrating the completeness of the assembled genome and its utility for transcriptomic analyses
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advantageous. Overall, the contrasting enrichment pro-
files between forest and steppe individuals underscore 
the ecological pressures shaping gene expression in 
each habitat, with the forest ecotype showing enhanced 
immune activity and the steppe ecotype exhibiting traits 
related to physiological adaptation to abiotic stress.

Comparison between A. olivacea and desert-adapted 
species DEGs
In order to compare our findings with those from another 
desert-adapted species, we conducted the DGE and 
GSEA on a dataset from the mouse Peromyscus eremicus 
exposed to experimental dehydration to examine the 
effects on desert-adapted animals [16]. To reanalyze the 
P. eremicus dataset, we used the newly available reference 
genome instead of the de novo transcriptome assembly 
employed in the original study. This allowed us to assess 
how the choice of reference influences the detection of 
DEGs. A similar pattern to that observed in A. olivacea 
emerged: 455 DEGs were identified by both approaches, 
whereas 751 were uniquely detected using the de novo 
transcriptome and 395 were exclusive to the genome-
guided analysis.

When comparing the DEGs identified between the nat-
ural ecotypes of A. olivacea and those obtained from the 
experimental dehydration treatments in P. eremicus, only 
65 genes were shared (Table  5 and Table S4). This lim-
ited overlap suggests that the molecular responses dis-
tinguishing the forest and steppe ecotypes of A. olivacea 

likely cannot be explained solely by dehydration stress. 
Instead, these differences may reflect broader ecologi-
cal, physiological, and evolutionary processes, including 
long-term adaptation to multiple abiotic factors such as 
temperature, food availability, and photoperiod, as well as 
biotic interactions. However, among those shared DEGs, 
we highlight Agt, which encodes angiotensinogen, the 
precursor of the renin–angiotensin–aldosterone system 
(RAAS). This pathway plays a central role in water and 
electrolyte balance. The consistent differential expres-
sion of Agt in steppe-dwelling A. olivacea and dehydrated 
P. eremicus highlights a shared molecular signature of 
water restriction. Whereas in P. eremicus this reflects 
acute transcriptomic plasticity to experimental stress, 
in A. olivacea it may represent either a sustained physi-
ological adjustment or an early local adaptation to xeric 
habitats. This parallel points to RAAS-related genes as 
core components of the mammalian response to water 
limitation. In addition to Agt, members of the solute car-
rier (Slc) family stand out due to their consistent expres-
sion patterns. Specifically, Slc15a2, Slc3a1, and Slc7a13 
were upregulated in forest-dwelling A. olivacea and in 
hydrated P. eremicus, suggesting their expression is asso-
ciated with water availability. In contrast, Slc2a1 was 
upregulated in steppe individuals and in dehydrated mice, 
pointing to a role in metabolic adjustments under water 
restriction. These cross-species signatures suggest that 
both acute dehydration stress and prolonged exposure 
to xeric habitats can recruit similar molecular pathways, 

Table 4  Top 10 positively and negatively enriched gene sets identified by GSEA
Description setSize enrichmentScore NES P value p.adjust
ANTIGEN PROCESSING AND PRESENTATION 47 0.67 2.12 0 0
ANTIGEN PROCESSING AND PRESENTATION OF PEPTIDE ANTIGEN 25 0.7 1.92 0 0.02
REGULATION OF T CELL MEDIATED CYTOTOXICITY 16 0.77 1.91 0 0.03
ANTIGEN PROCESSING AND PRESENTATION OF PEPTIDE ANTIGEN VIA MHC CLASS I 16 0.76 1.86 0 0.03
HORMONE BIOSYNTHETIC PROCESS 23 0.69 1.85 0 0.03
RESPONSE TO INTERFERON BETA 16 0.75 1.84 0 0.04
STEROID HORMONE BIOSYNTHETIC PROCESS 20 0.7 1.83 0 0.05
LEUKOCYTE MEDIATED CYTOTOXICITY 51 0.57 1.82 0 0.04
XENOBIOTIC METABOLIC PROCESS 67 0.53 1.81 0 0.02
LEUKOCYTE MEDIATED IMMUNITY 163 0.46 1.81 0 0.01
DETECTION OF ABIOTIC STIMULUS 45 −0.74 −2.28 0 0
DETECTION OF LIGHT STIMULUS 17 −0.86 −2.21 0 0
SENSORY PERCEPTION OF LIGHT STIMULUS 71 −0.65 −2.17 0 0
DETECTION OF STIMULUS 71 −0.64 −2.16 0 0
TRIGLYCERIDE METABOLIC PROCESS 54 −0.67 −2.15 0 0
SENSORY PERCEPTION 191 −0.53 −2.11 0 0
REGULATION OF PLASMA LIPOPROTEIN PARTICLE LEVELS 44 −0.68 −2.1 0 0
NEUTRAL LIPID BIOSYNTHETIC PROCESS 31 −0.72 −2.08 0 0.01
PROTEIN LIPID COMPLEX ASSEMBLY 17 −0.82 −2.08 0 0.01
REGULATION OF LIPID STORAGE 27 −0.72 −2.04 0 0.01
To facilitate interpretation, only the 10 gene sets with the highest and lowest normalized enrichment scores (NES) are shown. Positive NES values indicate enrichment 
in genes upregulated in forest ecotype samples, while negative NES values correspond to genes upregulated in steppe ecotype samples. GSEA was performed using 
GO: BP terms from the C5 collection of MSigDB
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with Slc-mediated solute transport emerging as a central 
mechanism in mammalian water balance. Furthermore, 
stress-related genes (Fkbp5, Hspa2, Dnaja1) indicate the 
activation of cellular stress responses, while metabolic 
regulators (Dgat2, Sqle, Rbp4) point to adjustments in 
lipid metabolism. Together, these shared DEGs rein-
force the notion that key pathways related to renal func-
tion, metabolism, and stress response are consistently 
recruited under xeric conditions.

Finally, genes associated with extracellular matrix and 
tissue remodeling (Col15a1, Fermt1, Itgb6, Fst, Ptn) sug-
gest that structural changes in renal tissue could accom-
pany these physiological responses. Together, these 
shared DEGs reinforce the notion that, although the 
overall transcriptomic overlap between A. olivacea and P. 
eremicus is limited, key pathways related to renal func-
tion, metabolism, tissue remodeling, and stress response 
are consistently recruited under xeric conditions.

In addition to P. eremicus, data from the desert rodent 
Jaculus jaculus under experimental dehydration fur-
ther highlight shared transcriptional responses to water 
limitation [17]. Several key genes overlapped with those 
identified in A. olivacea, including Ren (renin) and Aqp2, 
central components of the RAAS pathway and collect-
ing duct water reabsorption. Likewise, the glucose trans-
porter Slc2a1 and stress-related genes such as Dnaja1 
exhibited aridity-associated regulation. The recurrence of 
these genes across independent rodent lineages suggests 
that renal physiological responses to aridity may recruit a 
conserved molecular toolkit (Table S3).

Deconvolution
A kidney cell type signature gene set was constructed 
and implemented to identify the source of DEGs at the 
cell type level from olive mouse bulk RNA-seq data 
across both ecotypes (Fig. 5). The deconvolution analy-
sis provided a complementary perspective on the renal 
transcriptomes of A. olivacea. As expected, epithelial 
cells from proximal tubules and the loop of Henle domi-
nated the inferred cellular composition, reflecting their 
central roles in water and solute handling. Notably, for-
est individuals displayed higher relative contributions of 
proximal tubule cells, whereas steppe individuals showed 
increased signals from the loop of Henle and mesan-
gial cells. Integrating deconvolution with differential 
expression analysis highlighted that the cellular basis of 
transcriptional divergence between forest and steppe 
ecotypes involves both renal and immune compartments. 
In the steppe, the overexpression of the collecting duct 
marker Fxyd4 suggests a greater functional contribu-
tion of collecting duct epithelial cells, which may reflect 
adjustments in water and electrolyte handling under drier 
or more osmotically challenging conditions. In contrast, 
the forest exhibited higher expression of the proximal 
tubule marker Enpep, pointing to enhanced activity of 
proximal tubule epithelial cells, which play central roles 
in nutrient reabsorption and metabolic homeostasis. 
Additionally, the upregulation of macrophage-associated 
genes (Csf1r and Cd68) indicates an increased presence 
or activation of immune cells in the forest environment, 
potentially linked to differences in pathogen exposure or 
immune surveillance. Together, these results suggest that 

Table 5  Core candidate differentially expressed genes (DEGs) shared between A. olivacea (forest vs. steppe) and P. eremicus (hydrated 
vs. dehydrated)
Gene 
Symbol

logFC (A. 
olivacea)

FDR (A. 
olivacea)

logFC (P.eremicus) FDR (P.eremicus) Functional Description Functional Category

Agt −1.23 0.00536 −1.59 6.64E-05 angiotensinogen RAAS pathway/Water 
balance

Slc15a2 1.96 1.38E-09 0.63 0.0148 solute carrier family 15 member 2 Solute transport
Slc3a1 0.71 0.000036 0.75 0.00517 solute carrier family 3 member 1 Solute transport
Slc7a13 2.75 0.000218 1.01 0.0124 solute carrier family 7 member 13 Solute transport
Slc2a1 −0.55 0.00238 −0.58 0.00061 solute carrier family 2 (glucose 

transporter)
Solute transport/
Metabolism

Fkbp5 −0.89 0.0372 −2.45 1.57E-07 FK506 binding protein 5 Cellular stress response
Hspa2 −0.52 0.00218 −1.54 8.64E-05 heat shock protein 2 Cellular stress response
Dnaja1 0.45 0.0477 0.31 0.0369 DnaJ heat shock protein family 

member A1
Cellular stress response

Dgat2 −1.51 0.000037 −0.62 0.0304 diacylglycerol O-acyltransferase 2 Lipid metabolism
Sqle 0.69 0.00321 1.48 1.29E-08 squalene epoxidase Lipid metabolism
Rbp4 −2.19 0.000913 −2.23 5.44E-05 retinol binding protein 4 plasma Lipid metabolism
Col15a1 0.9 0.0352 2.73 3.49E-09 collagen type XV alpha 1 ECM/Tissue remodeling
Fermt1 0.99 0.000143 0.75 0.00263 fermitin family member 1 ECM/Tissue remodeling
Itgb6 −0.54 0.0312 0.69 0.0177 integrin beta 6 ECM/Tissue remodeling
Fst −0.96 0.000346 −0.66 0.02 follistatin ECM/Tissue remodeling
Ptn −0.57 0.0458 1.38 0.000188 pleiotrophin ECM/Tissue remodeling
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ecological differences between biomes shape kidney tran-
scriptomes by modulating the relative abundance and 
activity of distinct renal and immune cell populations. 
These cellular shifts parallel the observed transcriptional 
differences in solute carriers and metabolic genes, under-
scoring that ecotypic divergence involves not only gene-
level changes but also the engagement of distinct cellular 
programs within the kidney. Such variation may underlie 
differences in urine concentrating ability and water con-
servation strategies, highlighting the multi-layered nature 
of adaptation to extreme environments (fig. 6).

Conclusion
This study presents the first high-quality genome assem-
bly of the sigmodontine tribe Abrotrichini, the one that 
includes Abrothrix olivacea. This species thrives across 
contrasting biomes of southern South America. The 
newly generated genome represents a major resource 
for evolutionary and ecological genomics in sigmodon-
tine rodents, providing a platform for studies of adapta-
tion, physiology, and conservation. Beyond its potential 
value, we illustrated its utility through a case study of 

kidney transcriptomes of A. olivacea inhabiting forests 
and steppes.

Our analyses revealed striking ecological contrasts. 
Forest-dwelling individuals displayed strong enrich-
ment for immune-related pathways, with upregulation 
of genes linked to macrophages, natural killer cells, and 
fibroblasts. Renal macrophages are known to play piv-
otal roles in immune surveillance and tissue homeosta-
sis [58], and their increased signature in forest animals 
may reflect ecological pressures such as higher pathogen 
exposure in humid environments. Interestingly, experi-
mental models of salt-sensitive hypertension in rodents 
demonstrate that dietary protein source modulates kid-
ney injury through immune–microbiota interactions 
[59]. As such, the forest-associated immune activation in 
A. olivacea could represent not pathology but an adap-
tive adjustment, potentially shaped by dietary and envi-
ronmental inputs. Parallels with human studies are also 
striking; even brief exposure to forest environments 
enhances innate immune activity, increasing NK cell 
function and reducing stress hormones [60]. Together, 
these findings support the notion that forest habitats 

Fig. 5  Overlap of annotated genes identified from the genome (this study) and transcriptome analyses. UpSet plot showing the distribution of gene 
symbols recovered from genome-based annotation (green) and transcriptome-based annotation (orange). The intersection (purple) highlights genes 
detected by both approaches, while the vertical bars indicate the size of each set or intersection. Unique sets correspond to genes identified exclusively 
by one of the approaches. This comparison highlights the complementarity of genome and transcriptome data for gene discovery
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prime immunological states in mammals, a pattern now 
observed both in humans and in wild rodents.

Conversely, steppe individuals showed enrichment for 
developmental and metabolic pathways, including pro-
cesses related to kidney morphogenesis, epithelial dif-
ferentiation, lipid metabolism, and thermogenesis traits 
consistent with adaptation to arid, cold environments 
where efficient water reabsorption and energy balance 
are critical. These results align with convergent responses 
observed in desert rodents such as Peromyscus eremicus, 
in which RAAS-related genes and solute carriers underlie 
responses to water stress.

Finally, evidence from other mammalian systems 
underscores the broader eco-physiological framework. 
In wild woodrats, populations feeding on toxic creosote 
bush host a unique functional microbiome adapted for 
detoxification [61]. Analogously, environmental differ-
ences between forest and steppe may shape not only the 
renal transcriptome of A. olivacea but also its gut micro-
biome, selecting microbial consortia with metabolic 
capacities that support water and osmotic balance. Con-
sidering the interplay of microbiome function, immune 

cell activity, and renal gene expression highlights the 
complexity of adaptation in natural populations.

In sum, the genome of A. olivacea not only fills a critical 
gap in the genomic resources for sigmodontine rodents 
but also enables the dissection of multilevel adaptive pro-
cesses, from gene regulation to cell-type composition and 
host–microbiome interactions. These findings exemplify 
how high-quality genomic resources in non-model spe-
cies can illuminate the molecular architecture of adapta-
tion to heterogeneous environments.

Limitations and future directions
While this study provides a comprehensive genomic and 
transcriptomic foundation for Abrothrix olivacea, sev-
eral limitations must be acknowledged. First, regarding 
the genome assembly, our reliance on second-generation 
sequencing technologies (Illumina short-reads) inher-
ently limits the resolution of highly repetitive and GC-
rich heterochromatic regions. Consequently, metrics 
such as total genome size and global GC content may be 
underestimated due to assembly graph collapse. Future 
efforts utilizing third-generation long-read sequenc-
ing (e.g., PacBio HiFi or Oxford Nanopore) and Hi-C 

Fig. 6  Cell type deconvolution of kidney transcriptomes from A. olivacea using CIBERSORTx. Stacked barplots show the relative proportions of inferred 
renal cell types in individuals from forest and steppe ecotypes. Major contributions were observed from the proximal tubule and loop of Henle epithelial 
cells, with differences between ecotypes suggesting variation in cell-type representation linked to water availability. These results integrate with differen-
tial expression findings, indicating that ecotypic divergence involves both transcriptional and cellular-level changes in renal physiology
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scaffolding will be necessary to resolve the complete 
repetitive landscape and achieve a gapless, complete 
chromosome-level assembly.

Second, our bulk RNA-seq cellular deconvolution 
relied on a Mus musculus single-cell reference atlas. 
Although we mitigated cross-mapping artifacts by 
strictly restricting the reference matrix to highly con-
served 1:1 structural orthologs (capturing core cell-iden-
tity markers), this approach inherently cannot resolve 
Abrothrix-specific cell states, novel transient subtypes, or 
lineage-specific gene expansions. Developing a species-
specific single-cell RNA-seq atlas for A. olivacea remains 
a critical next step.

Finally, while our cross-species transcriptomic com-
parisons provide valuable exploratory insights into con-
vergent molecular pathways for water conservation, 
comparing the intraspecific plasticity of A. olivacea with 
the deeply fixed adaptations of obligate desert specialists 
(P. eremicus and J. jaculus) requires cautious interpreta-
tion. The shared gene expression profiles observed may 
partially reflect conserved physiological stress responses 
rather than equivalent evolutionary adaptations. Future 
research should prioritize in vivo functional validations 
and population-level genomic sequencing to definitively 
decouple transient phenotypic plasticity from fixed 
genetic adaptations in these emerging rodent models.
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