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• Symptoms
• Stage I. Skin infections
• Stage II. Arthritis
• Stage III. Chronic 

infections
• Most common vector-borne 

disease in US and Europe; 
300,000 annual cases in the 
US (Northeast & Midwest)

• Poor/Controversial diagnostics
• No human-use vaccine
• No targeted antibiotics
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• Multipartite 
Genomes

• Bi-phasal (tick & 
mammalian) 
switching

Schwartz et al (2021). 
Lyme Disease and Relapsing Fever
 Spirochetes

Linear plasm
ids

Circular plasmids

Plasmid-partitioning genesBorreliella 
Genomics
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Microbes Recombine 
(not clonal)

Pathogenicity & Virulence



HIV evolution within a single host

Li et al (in prep)



Akther et al (2024), mBio

Borrelia diversification



Evolutionary History & Mechanisms

• Phylogenetic coverage: 47 new genomes, all 23 species, 15 major US pathogen strains
• Leading institutions: U. Maryland, U. Utah, Stony Brook U, NJ Medical School, Hunter/CUNY
• Participants: Japan, Germany, Portugal, Czech Republic 
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>seq_1
atcttaacg
>seq_2
agtaggatggaaa
>seq_3
agggccctgaaa
>seq_4
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Aligned ?

bioseq bioaln

Population ?

biopop
NO

YES

NO

YES

Bio::Seq

--input (i)
--output (o)
--sub (s)
--pick (p)
--del (d)
--revcom (r)
--translate (t)
--nogaps (g)
--retrieveseq (z)

Bio::SimpleAlign Bio::PopGen Bio::Tree

--noseq (n)
--length (l)
--composition (w)

--input (i)
--output (o)
--slice (s)
--match (m)
--pick (p)
--del (d)
--ref (r)
--codon_view (b)
--nogaps (g)

--num (n)
--lengths (l)
--avgpercentid (t)

--sample-size (n)
--mismatch (m)
--distance (d)
--diversity (c)
--numsnp (s)
--heterozygosity (a)

--input (i)
--output (o)
--reroot (e)
--bootclean (b)
--collapse (c)
--prune (p)
--subset (s)

biotree

--length (l)
--otu (u)
--allchildotu (A)

filters

statistics

BioPerl 
Class

data

BpWrapper: a Command-Line Utilities

https://github.com/bioperl/p5-bpwrapper
https://github.com/bioperl/p5-bpwrapper
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