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Abstract

This article describes a genome assembly and annotation for Bombus dahlbomii, the giant Patagonian bumble bee. DNA from a 
single, haploid male collected in Argentina was used for PacBio (HiFi) sequencing, and Hi-C technology was then used to map 
chromatin contacts. Using Juicer and manual curation, the genome was scaffolded into 18 main pseudomolecules, representing 
a high-quality, near chromosome-level assembly. The sequenced genome size is estimated at 265 Mb. The genome was anno
tated based on RNA sequencing data of another male from Argentina, and BRAKER3 produced 15,767 annotated genes. The 
genome and annotation show high completeness, with >95% BUSCO scores for both the genome and annotated genes (based 
on conserved genes from Hymenoptera). This genome provides a valuable resource for studying the biology of this iconic and 
endangered species, as well as for understanding the impacts of its decline and designing strategies for its preservation.

Key words: pollinator conservation, genomic resource, PacBio, Bombus.

Significance
The giant Patagonian bumble bee Bombus dahlbomii, endemic to Chile and Argentina, has experienced a massive popu
lation decline in the past 20 years. Basic genomic information is needed to help inform conservation efforts, but currently 
available DNA- and RNA-level data on this species are extremely limited. We provide novel genomic resources for this 
species through a chromosome-level genome assembly, transcriptome, and gene annotation with high completeness. 
This information can be a useful resource for studying the basic organismic biology, population status, and conservation 
of this endangered South American species.
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Introduction
The giant Patagonian bumble bee Bombus dahlbomii 
(Apidae: Apinae: Bombini), also known as “mangangá” 
in Argentina or “moscardón” in Chile, is endemic to the 

southern region of South America, including Andean 

Patagonia, and has the most southerly natural range of 

any bumble bee in the world. Like other bumble bees, 

this species is eusocial, with distinct queen and worker 
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castes, and forms annual colonies founded in spring by soli
tary queens in underground nests (Goulson 2010). This spe
cies possesses adaptations to the harsh Patagonian climate, 
including long and thick red setae (Peat et al. 2005) and 
queens with extremely large body sizes (supplementary 
fig. S1a, Supplementary Material online). As the only native 
bumble bee in its range, it has been a key species for the 
pollination of many native and endemic flowers of this re
gion (Aizen et al. 2008) and several crops (Estay et al. 
2001). Populations of this native bee were historically abun
dant throughout much of Andean Patagonia in Chile and 
Argentina and farther north to the Mediterranean region 
of central Chile (Aizen et al. 2008; Morales et al. 2016), eas
ily recognizable as an emblem of Patagonian nature, and in
tegrated into myths and cultural practices of the Mapuche 
people of this region (Montalva et al. 2020).

The species has declined precipitously in recent years, 
causing significant conservation concern; the major cause 
may be directly tied to the spread of invasive bumble 
bee species. Two European bumble bee species, Bombus 
ruderatus and Bombus terrestris, were introduced into 
Chile for pollination in 1982 and 1997, respectively; 
B. terrestris is still being imported into Chile today (Aizen 
et al. 2019). Both European bees rapidly spread across 
the region, and B. ruderatus and B. terrestris reached 
Argentina by 1993 and 2006, respectively (Roig-Alsina 
and Aizen 1996; Torretta et al. 2006). Of the two intro
duced species, B. terrestris has become more highly inva
sive, with extremely large populations now spreading all 
the way down to the southernmost tip of South America 
(Morales 2007; Morales et al. 2013; Geslin and Morales 
2015; Rendoll-Carcamo et al. 2017). Concomitantly, 
B. dahlbomii experienced a dramatic decline in several areas 
of Patagonia, in some cases within only 5 years of B. terrestris’ 
arrival, and has become locally extinct in multiple areas of its 
former range (Morales et al. 2013). In 2016, B. dahlbomii was 
listed as “endangered” on the “Red List” of Species by the 
International Union for the Conservation of Nature, with an 
estimated ∼54% reduction of the species’ total population 
in the last 10 years (Morales et al. 2016). Bombus dahlbomii 
is also part of the subgenus Thoracobombus (Williams et al. 
2008), one of the bumble bee groups most prone to decline 
(Arbetman et al. 2017).

Conservation efforts are urgently needed to decelerate 
the decline of B. dahlbomii and the shrinkage of its geo
graphical distribution. Generating a genome reference for 
this species can facilitate the development of modern gen
etic resources and enable a wide variety of applications to 
assist in the conservation of this species. Future population 
genetic studies can help elucidate whether this precipitous 
population decline is associated with reduced genetic diver
sity, especially in small or shrinking populations. This knowl
edge can be used to determine whether inbreeding or 
genetic bottlenecks are obstacles to species recovery, and 

if so, whether infusions of genetic diversity from different 
populations could help through breeding or reintroduc
tion programs. Also, a complete and annotated genomic 
reference can significantly improve the quality of functional 
studies such as transcriptomics and genome wide association 
studies, allowing researchers to identify population- 
associated genetic variants and local adaptations that could 
assist species reintroduction programs. In addition, there 
are only four available genomes out of the over 50 species 
in the subgenus Thoracobombus; thus, this genome can in
form comparative studies on whether species vulnerability 
is related to genic or genomic features.

Results and Discussion

Genome Assembly

Using 60,659,827 read pairs of Hi-C data aligned to the 57 
contigs generated from PacBio reads using WTDBG2, auto
matic scaffolding was performed with HiRise by Cantata Bio 
(with 17 joins made) resulting in an initial assembly with 40 
scaffolds, with a total assembled size of 265.32 Mb and an 
N50 scaffold length of 15.34 Mb (supplementary fig. S2 and 
table S1, Supplementary Material online). Further manual 
curation of the HiRise assembly using Juicer improved its 
contiguity, reducing the number of scaffolds from 40 to 
20 scaffolds at a genome size of 265.3 Mb. Due to the 
lower-than-expected BUSCO scores, we investigated 
PacBio HiFi reads that did not map to this assembly. We re
assembled these 18,018 reads into 197 scaffolds with FLYE 
and found some of the missing BUSCO genes. These new 
contigs were scaffolded into the genome using the Juicer/ 
3D-DNA/Juicebox pipeline, resulting in 18 pseudomolecules 
(putative chromosomes) and two smaller scaffolds (Fig. 1a). 
The identified 18 chromosomes are consistent with other 
bumble bee species’ chromosome counts (Owen et al. 
1995; Sun et al. 2021; Sang et al. 2024). The final assembly 
has a total size of 274.05 Mb and a N50 scaffold length of 
17.3 Mb. This improved assembly was subjected to BUSCO 
analysis, revealing a high percentage of complete and single 
copy conserved genes (97.4% of BUSCOs based on hyme
noptera_odb10; additional assembly statistics are shown 
in Table 1). The improved, final assembly has been deposited 
as Bdahl_1.0 in NCBI at accession #JAZEWW010000000.

Annotation

RNA sequencing resulted in 165.16 Gb of read data, for an 
estimated 5,864× coverage of the transcriptome. The total 
transcriptome size was estimated at 28.17 Mb, which is ap
proximately 10% of the total genome size (supplementary 
table S2, Supplementary Material online). The annotation 
using BRAKER 3 resulted in 15,028 annotated genes with 
19,197 mRNAs. Average gene length was 6,732 bp, with 
a range of 200 to 330,148 bp (supplementary table S3, 
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Supplementary Material online). Annotated genes had an 
average of 1.28 transcripts per gene, with a range from 
1 to 9 transcripts (supplementary fig. S3, Supplementary 
Material online). We assessed the completeness of the an
notation using BUSCO hymenoptera_odb10, revealing 
95.1% complete BUSCO genes, of which 67.5% corres
pond to single hits and 27.3% to duplicated hits 
(supplementary table S4, Supplementary Material online). 
This discrepancy in duplicated BUSCO percentages 
between hits against the assembled genomic sequence 
(0.3%, Table 1) and hits against the annotated genes 
is expected due to the presence of alternative isoforms 
in the annotated gene set (supplementary fig. S3, 
Supplementary Material online). We functionally anno
tated protein coding genes via Diamond queries to NCBI 
NR and Swiss-Prot databases resulting in a functional an
notation for 79.1% of mRNAs and 73% of genes. 

Among these, 33 actively transcribed transposon genes 
were identified in the genome.

Quality and Completeness Comparison to Other 
Bombus Genomes

The quality and completeness of the genome follow the 
high standards of other published chromosome-level as
semblies of bumble bees (genus Bombus). A comparison 
to other chromosome-level publicly available Bombus gen
omes is presented in Table 1 and demonstrates a highly 
feasible number of chromosomes and genes, high com
pleteness (BUSCOs from assembly), and very low (near 
chromosome level) number of scaffolds. The B. dahlbomii 
genome possesses a similar overall genome size and struc
ture, based on numerous genome quality statistics, to other 
bumble bees’ genomes. Overall, our genome currently 

Fig. 1. a) Hi-C contact map from Hi-C read pairs in the genome assembly resulting from the final manual curation with Juicer. The x axis represents the 
read position of the first read of the read pair, and the y axis represents the read position of its mate, and boxes represent distinct scaffolds, with blue squares 
added to delimit individual chromosomes. The genome includes 20 scaffolds in the final assembly (18 chromosomes and 2 small scaffolds, not visible here), 
plus 12 additional scaffolds representing contaminants. b) BlobTools snail plot of the rescaffolded assembly showing length distribution of scaffolds, BUSCO 
scores of the final assembly, and GC/AT/N composition.
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stands among the best of the 36 available genomes (out of 
265 species) in the genus Bombus, in terms of assembly 
quality and completeness.

Microbial Content

While invasive bumble bees have been pinpointed as a dri
ver of decline of B. dahlbomii, spillover of pathogens and 
parasites potentially cointroduced with invasive bumble 
bees has been proposed as one of the causative agents 
(Arbetman et al. 2013; Schmid-Hempel et al. 2014; 
Morales et al. 2016 and references therein). Although our 
sequencing data are derived from only two individuals 
from a single population, they represent the first genomic 
data for this endangered species, and thus, we used the 
data as an opportunity to document the presence of pos
sibly pathogenic microbes. When assembling the previously 
mentioned unmappable PacBio reads, we found nine bac
terial scaffolds (matching the known gut symbiont 
Bifidobacterium and the nonspecific pathogen Serratia) 
and three viral scaffolds (matching a Pantoea phage and 

a Caudoviricetes) among our contigs (supplementary 
table S5, Supplementary Material online). We also used kra
ken2 to search the raw reads from PacBio, Hi-C, and RNA 
sequencing and found a wealth of microbial sequences 
(full results on GitHub, summary in supplementary table 
S6, Supplementary Material online). In particular, we 
scanned the reads for evidence of several common bumble 
bee and honey bee pathogens, parasites (Macfarlane et al. 
1995), and certain gut bacteria (Hammer et al. 2021), listed 
in supplementary table S6, Supplementary Material online. 
We did not find any evidence of known bumble bee 
parasites; however, we did detect low read counts from 
some known honey bee brood pathogens, including the 
bacteria that cause American and European foulbrood 
(Paenibacillus larvae and Melissococcus plutonius), as well 
as fungal pathogens associated with stonebrood disease 
(Aspergillus fumigatus and Aspergillus flavus). In addition, 
we uncovered evidence of bacterial taxa that have been re
ported as opportunistic pathogens (Serratia sp. and Hafnia 
sp.), as well as the presence of Enterobacteriaceae, which 
if found at high levels can be signs of gut microbial 

Fig. 1. Continued
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dysregulation (Hammer et al. 2021). We note that many of 
these microbes are commonly carried by and detected in 
healthy bees; thus, our data cannot be interpreted to indi
cate acute infection or disease in either of the two male 
B. dahlbomii we sequenced for this project.

Conclusion
This study presents state-of-the-art genomic resources for an 
endangered bumble bee species, B. dahlbomii. We capita
lized on third-generation sequencing platforms, integrating 
long reads of genomic DNA using PacBio HiFi sequencing, 
with Hi-C chromosome conformation capture technology, 
bolstered by high-depth short-read RNA sequencing data. 
This has resulted in a chromosome-level genome assembly 
and highly complete gene annotation for this species. This 
valuable resource can be used to inform future evolutionary, 
genetic, and physiological studies on this species and its taxo
nomic relatives. Given that there was no prior genomic infor
mation available for this species, this represents a major leap 
forward in terms of resource development to inform the basic 
biology, population status, and conservation of this endan
gered South American species. We encourage the use of 
this resource to assess genetic diversity (modern and historic
al) and population structure, in order to inform future popu
lation management and possible reintroduction efforts.

Materials and Methods

Sample Collections and Sequencing

For genome sequencing, a single male (haploid) was col
lected at Puerto Blest, Parque Nacional Nahuel Huapi, 
in Río Negro Province, Argentina, on 2021 April 13 
(supplementary fig. S1b, Supplementary Material online). 
The male was placed into 96% ethanol and exported for 
DNA isolation and sequencing at Cantata Bio, LLC, in 
Scotts Valley, California (formerly Dovetail Genomics). 
DNA was extracted from whole tissue using a Qiagen 
DNA Extraction Kit (manufacturer’s protocol). A sequen
cing library was prepared using a PacBio Sequencing 
Library Prep Kit (SMRTbell Express Template Prep Kit 2.0, 
manufacturer’s protocol). The library was further processed 
using a PacBio Sequel II Binding Kit 2.0 and sequenced on 
the PacBio Sequel II platform in 8M SMRT cells.

At Cantata Bio, to generate each Dovetail Omni-C 
library, chromatin was fixed in place with formaldehyde 
in the nucleus and then extracted. Fixed chromatin was 
digested with DNAse I, chromatin ends were repaired 
and ligated to a biotinylated bridge adapter followed by 
proximity ligation of adapter-containing ends, crosslinks 
were reversed, and purified DNA was treated to remove 
biotin not internal to ligated fragments. Sequencing librar
ies were generated using NEBNext Ultra enzymes and 
Illumina-compatible adapters. Biotin-containing fragments 

were isolated using streptavidin beads before PCR enrichment 
of each library. The library was sequenced on an Illumina 
HiSeqX platform to an approximate depth of 30× coverage.

For RNA sequencing, a single male was collected at 
Puerto Blest, Parque Nacional Nahuel Huapi on 2022 
March 12, cut into sections, stored in RNA-later, and placed 
in a −20 °C freezer. The sample was exported to Iowa State 
University (ISU) at room temperature, and RNA was ex
tracted from thoracic tissue using a Qiagen RNeasy Kit 
with DNAse digestion. RNA was checked for quality and 
quantity using a Bioanalyzer electrophoretic system 
(Agilent Technologies), and libraries were prepared at the 
ISU DNA Facility using a standard Illumina TruSeq mRNA li
brary prep kit. The library was sequenced on one flow cell 
using an Illumina NovaSeq 6000 at the ISU DNA Facility as 
paired-end 150 bp reads, generating >500 M reads.

This work complies with the Nagoya Protocol on Access 
to Genetic Resources and the Fair and Equitable Sharing of 
Benefits Arising from their Utilization to the Convention on 
Biological Diversity. All B. dahlbomii samples were collected 
and exported with permission from the Argentine govern
ment, under permit “Autorización de investigación DRPN 
1615, IF-2019-42089751-APN-DRPN#APNAC, República 
Argentina, Poder Ejecutivo Nacional, Parques Nacionales” 
issued to A.L.T., C.L.M., M.A.A., E.E.Z., and M.P.A. 
Samples were legally imported via international shipment 
to the United States.

Bioinformatic Analysis

Code used for all bioinformatic analyses is provided at 
https://github.com/ISUgenomics/B_dahlbomii_Genome_And_ 
Annotation. An initial de novo assembly was performed by 
Cantata Bio (formerly Dovetail LLC) based on 198.6 Gb of 
PacBio CLR reads, which were used as input for WTDBG2 
v2.5 (Ruan and Li 2020). Parameters for WTDBG2 were 
set as genome size 0.2 g, minimum read length 20,000, 
and minimum alignment length 8,192. In addition, realign
ment was enabled with the -R option and read type was set 
with the option -x sq. This assembly was then used as input 
for the HiRise pipeline together with Omni-C library reads 
with MQ > 50 (Putnam et al. 2016). Omni-C library se
quences were aligned to the draft input assembly using 
BWA (Li 2013). The separations of Omni-C read pairs 
mapped within draft scaffolds were analyzed by HiRise to 
produce a likelihood model for genomic distance between 
read pairs, and the model was used to identify and break 
putative misjoins, to score prospective joins, and make joins 
above a threshold.

Additional scaffolding was conducted after receiving the 
B. dahlbomii initial assembly from Cantata Bio. Hi-C reads 
were extracted from bam files using Picard 2.17.0 (Picard 
Toolkit 2018), which were aligned to scaffolds with BWA 
0.7.17 (Li 2013) and processed with Juicer 1.5.7, 3D-DNA 
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180114, and Juicebox 1.11 (Durand et al. 2016). Assembly 
quality was assessed using Busco 5.12 (Simão et al. 2015) 
with eukaryota_odb10 and hymenoptera_odb10 data 
sets. Due to the lower-than-expected BUSCO scores for 
such a contiguous assembly (hymenoptera_odb10 C: 
91.9% [S: 91.6%, D: 0.3%], F: 0.2%, M: 7.9%, n: 5991 
and eukaryota_odb10 C: 89.7% [S: 65.7%, D: 24.0%], F: 
1.4%, M: 8.9%, n: 954), we used Minimap2 (2.1) 
(Li 2018) to identify PacBio HiFi reads that did not map to 
this genome assembly. While 97.8% of these reads 
mapped to the genome, the 2.2% that did not were reas
sembled with Flye 2.9-b1768. This resulted in an assembly 
of 197 scaffolds at a length of ∼9.7 Mb and an N50 of 
68.8 kb. We identified that 185 of these scaffolds matched 
known Bombus sequences using BLASTn 2.13.0 (Altschul 
et al. 1990) searches against the NCBI nr/nt database 
(downloaded 2023 January 1). All reassembled contigs 
were scaffolded into the assembly using the aforemen
tioned BWA, Juicer, 3D-DNA, and Juicebox pipeline, resulting 
in an assembly of 32 scaffolds at 275.14 Mb with an N50 of 
17.3 Mb. We inspected these scaffolds with Blobtools2, 
using Minimap2 (2.1) mapping of PacBio reads and BLASTn 
to NCBI nucleotide database. We removed 12 scaffolds of 
bacterial origin, resulting in an assembly of 20 scaffolds at 
274.05 Mb with an N50 of 17.3 Mb.

To annotate B. dahlbomii genes, repeats were identified 
in the genome using RepeatModeler 2.0.2 (Flynn et al. 
2020) and softmasked with RepeatMasker 4.1.2-p1 (Chen 
2004). RNA-seq reads were aligned to the genome using 
STAR 2.7.6 (Dobin et al. 2013), with bam files subsequently 
merged, sorted, and indexed using Samtools 1.14 (Li et al. 
2009). Using an Augustus 3.4 (Hoff and Stanke 2019) mod
el trained with BUSCO 5.12 on hymenoptera_odb10, we 
annotated genes in the genome with Braker 3.0.2 (Hoff 
et al. 2016) and GeneMark 4.69 (Lomsadze et al. 2014). 
Genes were functionally annotated by querying predicted 
proteins with Diamond 2.0.25 (Buchfink et al. 2021) to 
the NCBI NR database (downloaded 2021 May 3) and 
Swiss-Prot database (downloaded 2023 January 23).

We investigated the genomic reads (PacBio HiFi and 
Hi-C) and transcriptomic reads (Illumina RNA-seq) for mi
crobial content, including potential pathogens and para
sites. To do this, we queried the taxonomy of each read 
using a readily available Kraken2 (Wood et al. 2019) data
base created (2021 August 4) from standard libraries of vir
al, bacterial, fungal, protozoan, and nematodal sequences 
(the database also included the Heterodera glycines gen
ome GCA_004148225.2, not relevant to this project; 
thus, any H. glycines hits were discounted).
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