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Bumble bees are threatened by climate change

1) Southern limits are moving 
north, but northern limits are 
not expanding

2) Occurrence of extreme 
temperatures correlated with 
species decline



Arctic bumblebees

Bombus sylvicola B. lapponicus B. monticola B. melanopygus B. bifarius 5



Initial Goals

• Genome assemblies of B. sylvicola and B. balteatus
• Enable genomic studies of alpine/arctic bumble bee species

• Identify population substructure, connectivity and gene flow

• Genetic basis of speciation
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Sample collection in Colorado, 2017

Collected ~650 samples from both species from Rocky Mountains

B. balteatus

B. sylvicola
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Niwot Ridge 3700m



Genome assemblies (Ola Wallerman, Ignas Bunikis, Marcin Kierczak)

Oxford Nanopore – 2/3 flow cells each:
B. sylvicola: 17 Gbp (70x) read N50 = 6 kb. 
B. balteatus: 12 Gbp (47x) read N50 = 14 kb

10x Chromium – One lane of HiSeqX:
B. sylvicola: 67 Gbp (267x)
B. balteatus: 70 Gbp (282x)

RNAseq – One lane of HiSeq 2500:
B. sylvicola: 44 Gbp
B. balteatus: 42 Gbp

Assemblies
B. sylvicola: N50 = 3.1 Mbp BUSCO = 98.6%
B. balteatus: N50 = 8.6 Mbp BUSCO = 99.0%

Assembling the genomes of Bombus sylvicola & Bombus balteatus (250 Mbp genomes)

Genome sequencing of haploid males 

Nanopore assembly: wtdbg2 + Racon + Medaka 
10x error correction: LongRanger + Tigmint + Pilon
10x scaffolding: ARCS + LINKS
Annotation pipeline: StringTie + MAKER

Scaffolds placed onto B. terrestris genetic map to make pseudochromosomes (Satsuma)
Identification of centromeric repeats (centromere_seeker)

Bioinformatics

B. balteatus

B. sylvicola



Comparison of assembly quality

Species B. balteatus B. sylvicola B. terrestris B. impatiens

Assembly BBAL_1.0 BSYL_1.0 Bter_1.0 BIMP_2.2

Size (Mbp)† 250.07 252.08 248.65 (236.38) 246.86 (241.98)

Scaffolds (n) - - 5,678 5,460

Contigs (n) 336 592 10,672 16,060

Contig N50 (Mbp) 8.60 3.02 0.08 0.06

Contig L50 (n) 12 28 890 54

GC (%) 37.64 38.23 37.51 37.76

Repeat content (%) 17.1 17.9 14.8 17.9

Complete hymenoptera 
BUSCO genes (%)* 99.0 98.2 96.9 98.3
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*BUSCO analysis using the OrthoDB v. 10, Hymenoptera dataset.
† Numbers in brackets represent total ungapped length
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650 whole genome sequences of B. sylvicola and B. balteatus
Nextera Flex + HiSeqX à mean coverage ~15x

B. balteatus

B. incognitus

B. sylvicola
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Not 2, but 3 species...



Clustering of sequences indicates presence of new 
cryptic species, Bombus incognitus*
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• Both species identified in all localities
• No morphologically distinguishing characters identified
• No intermediates observed
• Bombus incognitus does not cluster with any known species by morphology or genetics 13

*not official name...



Bombus incognitus is distinct from other known species
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PEPCK gene COXI



Bombus incognitus tends to be smaller and found at lower elevation

15



”Islands of speciation”

1) ecological specialization

2) genomic incompatibilities
(DMIs) 

Speciation with gene flow

late divergence

from Wu & Ting (2004) Nature Reviews Genetics

early divergence
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Genomic landscape of divergence shaped by multiple 
factors
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“Incidental islands”
regions of low recombination, 
interaction with linked selection

Burri et al. (2015) Genome Res.
Feulner et al. (2015) PLoS Genet.
Vijay et al. (2016) Nat. Commun.
Cruickshank & Hahn (2014) Mol Ecol

“Islands of speciation”
resistant to gene flow

Swordtail fish
Powell et al. (2020) Science

Darwin's finches
Han et al. (2017) Genome Res
Lamichhaney et al. (2015)
Nature

genomic incompatibilites ecological specialization
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Cruickshank & Hahn (2014) Mol Ecol
Irwin et al. (2018) Mol Ecol

Islands of speciation Incidental islands

dXY

Absolute divergence (dXY) identifies differential gene flow 
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B. sylvicola B. incognitus

sympatry

Comparison of genome divergence in sympatry and allopatry
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B. sylvicola B. incognitus

sympatry allopatry

B. vancouverensisB. bifarius

Comparison of genome divergence in sympatry and allopatry
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B. sylvicola
(n = 217)

B. incognitus
(n = 67)

B. vancouverensis
(n = 17)

B. bifarius (n = 21)

Sympatry Allopatry

Additional data from 
Ghisbain et al. (2020) Syst. Entom.21

396,000 YBP

68,000 YBP



Islands of divergence recur in the same genomic 
locations

B. sylvicola

B. sylvicola B. incognitus

sympatry

B. vancouverensisB. bifarius

allopatry

within species

22
Christmas et al. (2021) MBE



Islands of divergence overlap regions of low 
recombination and centromeric repeats 
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Christmas et al. (2021) MBE
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Islands of divergence overlap regions of low 
recombination and centromeric repeats 

Christmas et al. (2021) MBE



B. sylvicola Niwot ridge − Mt. Quail
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B. bifarius − B. vancouverensis
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FST distribution is bimodal in sympatric, but not allopatric, comparison
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B. sylvicola B. incognitus

B. vancouverensisB. bifarius
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dXY is elevated in islands of divergence in the sympatric, 
but not allopatric, comparison, indicating differential gene 
flow

sympatry
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dXY
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Extensive reduction in nucleotide diversity around islands of 
divergence in sympatry
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B. sylvicola B. incognitus

B. vancouverensisB. bifarius

LINKED SELECTION

shared peaks of divergence 
centromeres 
reduced recombination

Genomic islands of divergence in sympatry and allopatry

differential 
gene flow

elevated
in islands

dXY FST

bimodal

reduced
in islands

unimodal
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sympatry

allopatry



Genomic landscape of divergence
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“Islands of speciation”
resistant to gene flow

“Incidental islands”
regions of low recombination, 
interaction with linked selection

Polygenic species barriers
regions of low recombination, 
resistant to gene flow

Schumer et al. (2018) Science Martin et al. (2019) PLoS Biol
29



Summary: Speciation with gene flow

Barriers to gene flow accumulated in:
regions of low recombination and near centromeres 

• Genomic incompatibilities may be widespread and polygenic

• In mountain bumblebees, warm periods may cause periods 
of isolation at high altitude, followed by secondary contact

30Christmas et al. (2021) Molecular Biology and Evolution. doi:10.1093/molbev/msab086



Possible speciation scenario
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B. sylvicola B. incognitus

sympatry

400,000 yrs

isolation in warmer periods

secondary contact - speciation with gene flow



Cryptic species
• B. incognitus and B. sylvicola are genetically distinct with no evidence of 

interbreeding
• Previously-undetected from morphology or genetic barcoding

32

• How many more cryptic species?
• Is DNA evidence enough to define a new species?
• More resolution from genome sequencing compared to barcoding
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• Identification of cryptic species Bombus incognitus

B. incognitus B. sylvicola

B. sylvicola B. incognitus

• Speciation with gene flow
• Polygenic barriers to gene flow 

associated with centromeres

Conclusions
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B. balteatus

Alpinobombus

Pyrobombus
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neoboreus
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sylvicola

lapponicus

interacti*

incognitus*

monticola

melanopygus

R
ocky m

ountains
A

laska

Y
ukon

Q
uebec

Sw
eden

Siberia E
Siberia W

Rocky mountains

Yukon Quebec

Sweden
Siberia ESiberia W

Alaska

a)

b)

B. lapponicus

Bombus incognitus?
More cryptic species?
Can populations interbreed?
Barriers to gene flow?
Speciation mechanisms?
Changes in genetic variation over time?
Parallel genetic and morphological evolution 
across continents?

Future Questions
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