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ABSTRACT
Hibernating mammals employ unique metabolic strategies to survive harsh 
conditions. They become obese prior to the onset of winter, then conserve 
their stored energy during the months-long fast of hibernation by slowing 
metabolism and becoming deeply hypothermic. These extreme hibernation 
phenotypes may provide insights into control of metabolism and have 
applications in medicine, but little is known about the molecular 
mechanisms or genetic underpinnings of hibernation. We have begun 
using the meadow jumping mouse (Zapus hudsonius) as a laboratory 
hibernation model. We generated whole genome sequences for 7 meadow 
jumping mice and 7 western jumping mice (Zapus princeps), a closely 
related hibernator. Z. hudsonius uses photoperiod as the cue to initiate fall 
fattening, while Z. princeps ignores photoperiod and prepares for 
hibernation based on food availability. Preliminary comparative genomic 
analysis reveals a subset of ~1700 proteins that are significantly diverged 
between the species. These diverged proteins are enriched for genes 
involved in pheromone sensing and reproduction, immunity, and 
metabolism. Analysis of individual genes yields insights into speciation and 
may reveal candidate genes that cause the differences in phenotype 
between the two species.

1. Jumping Mice: Hibernating Rodents

2. Inducing Hibernation in the Lab: Day Length & Temperature
Meadow jumping mice prepare for hibernation based on environmental cues – primarily day length. The mice fatten up and hibernate during simulated 
fall and winter conditions, but remain reproductively active as long as they are housed in simulated summer conditions.

3. The Hibernation Phenotype of Zapus hudsonius
Meadow jumping mice have a hibernation phenotype similar to ground squirrels – once prepared with sufficent fat stores, the animals experience 
week-long bouts of torpor that are interrupted by short arousals. Body temperature falls to near freezing during torpor. Meadow jumping mice fast during 
hibernation and do not cache food.

4. Ongoing Genome Sequencing: Zapus hudsonius & Zapus princeps
We are in the process of sequencing and annotating the Zapus hudsonius genome in collaboration with the Broad Institute. The strategy is to generate a 
reference genome and perform gene annotation using mRNAseq data and computational methods. We have also generated additional whole genomes of 
Z. hudsonius and Z. princeps. These Zapus genomes will provide a foundation for comparative genomics and future genetic experiments. 

5. Preliminary Comparative Analysis

16 Hours
Light

8 Hours
Light

Cold
Temp.

Summer Breeding Fall Obese Winter Hibernating

Body Weight � 19 g Body Weight � 32 g

0.03

Rattus norvegicus

Zapus hudsonius

Jaculus jaculus

Cavia porcellus

Mus musculus

Mesocricetus auratus

Zapus princeps

Marmota marmota

Cricetulus griseus

Heterocephalus glaber

Ictidomys tridecemlineatus

Peromyscus maniculatus

Oryctolagus cuniculus

Phylogeny

Range

Life History
Current de novo Z. hudsonius Assembly

Meadow

Western

Low Coverage (~8x) Whole Genomes

What can we learn about hibernation via comparative genomics?
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