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Notes on the talks: 
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• Whole viral genome data from >4000 patients. 
• Seroconverters: 1 year window between − and + tests, or 

clinical evidence 
• ≥ 1 viral load measurement 6-24 months after + test, pre-ART 
• Wealth of clinical data (including later response to ART) 

Objectives: 
1º: the viral-molecular basis of virulence 
2º: molecular epidemiology 
3º: dual infections and minority variants

The BEEHIVE Study: Bridging the Epidemiology 
and Evolution of HIV in Europe
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First: reconstructing the viral genotype 

(Next: putting it in context.)
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  paired-end reads 
(150, 250 or 300bp)

?



...CTAGCTACGACT-GAATACGTATCTGACAGTAT... 
   CTAGCTACGACTTGAGTACGTATC 
    TAGCTACGACTTGAGTACGTATCG 
     AGCTACGACTTGAGTACGTATC-G 
      GCTACGACTTGAGTACGTATC-GA 
       CTACGACTTGAGTACGTATC-GAC 
        TACGACTTGAGTACGCATC-GACA 
         ACGACTTGAGTACGTATC-GACAG 
          CGACTTGAGTACGTATC-GACAGT 
           GACTTGAGTACGCATC-GACAGTA 

insertion substitution deletion

Map Reads to a Known Reference…

• Call the most common base 
amongst the reads at each position 

• Retains within-host diversity 
information (base frequencies and 
linkage) 

• Number of reads gives some 
measure of confidence

within-host 
polymorphism



…but Mapping Induces Bias

Real data example: what the mapper should have done: 
reference AAGTGTTAGTGTGGAAGTTTGACAGCAGCCTAGCACTTCATCACAGGGCCCGAGAGCAACATCCGGAGTTTTACAAAGACTGCTGACATC--------------------GAGTTTCCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAAGGCGTGGCCTGGGCGGG 
read 1    AAGTGTTAATGTGGAAGTTTGACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGG 
read 2                        GACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGGGGAGGCGTGGCCTGGGCGGG 

What it did: 
reference AAGTGTTAGTGTGGAAGTTTGACAGCAGCCTAGCACTTCATCACAGGGCCCGAGAGCAACATCCGGAGTTTTACAAAGACTGCTGACATCGAGTTTCCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAAGGCGTGGCCTGGGCGGG 
read 1    AAGTGTTAATGTGGAAGTTTGACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGG 
read 2    GACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGGGGAGGCGTGGCCTGGGCGGG 

reference

sample

map sample reads 
to the reference

insertion lost, as reads were 
not correctly aligned

The more different a read is from its 
reference, the more likely it is to be aligned 
incorrectly or not at all.

Systematic bias to make new sequences 
resemble known examples. An extremely 
high mutation rate makes this an acute 
problem for HIV.

reads clipped



De Novo Assembly

…AGCCG

…AGCCGTGAA

…AGCCGTGAAT

…AGCCGTGAAC

…AGCCGTGAACGA

…AGCCGTGAACGAA

…AGCCGTGAAACGAA

…AGCCGTGAACGAAC

…AGCCGTGAACGAACT

…AGCCGTGAAC

Perfect

match

Reads

Seed sequence

Use to
extend

• e.g. IVA (Hunt et al., Bioinformatics 2015): on HIV, 
“outperforms all other virus de novo assemblers”. 

• Align the reads to themselves, iteratively extending, 
producing a number of summary sequences. 

• No need for a reference: no bias.

but... 
• Diversity & low coverage → no contig 
• Diversity & high coverage → two or more 

overlapping, different contigs. Which one is 
‘correct’? 

• No idea of base frequencies or linkage 
• Occasional assembly errors: splicing 

separate parts of the genome, reverse 
complements.



shiver - Sequences from HIV Easily Reconstructed

blast

INPUT:
raw reads contaminant

contigs

HIV contigs

INPUT: contigs

add to an alignment 
of references, 
manually trim ragged 
ends if present

flatten contigs, rank 
refs according to 
similarity, fill in gaps 
using the closest refs

correct spliced & 
reverse-complement 
contigs

map reads 
to the 
constructed 
reference

majority base and minority 
frequencies across the genome

trim adapters, 
primers, low-
quality bases trimmed 

reads

blast

contaminant 
reads

cleaned 
reads

$ ./shiver_align_contigs.bash
$ ./shiver_map_reads.bash



Used to reconstruct whole* genomes for
BEEHIVE: 1700+ samples                      PANGEA: 4300+ samples

*or not, depending on the sample



A consensus sequence does not show 
• transmission (or at least not well; important for epidemiology), 
• dual infections (important clinically, for bioinformatics, for evolution), 
• contamination (important to distinguish from dual infections), 
• recombination between strains within-host. 

Put within-host diversity in context: examine within- and 
between-host evolution at once, across the genome. 



Illumina 
sequencing

shiver 

(or your own 
pipeline)

phyloscanner



$ ./phyloscanner.py  MyBamFiles.txt  MyRefFiles.txt  --windows 1,300,200,500,...

red.bam 
green.bam 
blue.bam 

redRef.fasta 
greenRef.fasta 
blueRef.fasta 

Genomic coordinates 
of the windows to be 
analysed; here, 
1-300, 200-500, ...

Easy



Feature-packed 1

Excise specified positions 
(e.g. sites under selection).

Similarity- and frequency-based 
read merging, for speed. 

×100
×10
×1

×100
×10
×1

×111

×111

Merge overlapping paired 
reads into longer reads.

read_x_1
read_x_2

read_x



• Include known references with the reads. 
• Trim and/or discard low-quality reads. 
• Minimum read count. 
• Check every read for duplication in any other patient to find 

contamination. Remove duplicates depending on counts. 
• Bootstraps. 

Trivially parallelisable: split the whole genome into windows, run each window 
as a separate job on your cluster. 
<1 day for O(1000) patients with coverage O(10,000) (RAxML the bottleneck). 

Feature-packed 2



375bp at the end of the gp120 gene. 700 patients, 8574 distinct reads. 
(merging threshold = 1bp, minimum read count = 2)

0.2
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Two patients’ reads can be...
separated, entangled, or clearly directed. Count these over all 

windows (31 here):
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shiver phyloscanner

Summary
Analysis of phylogenetics between 
and within, along the genome, shows: 
• transmission: one quasispecies 

as the descendant of another 
• dual infections: two distinct 

quasispecies 
• recombination: intermediates 

between two quasispecies 
• contamination: repeated exact 

duplication of reads



Extra slides 

Quantifying, not just arguing, 
why you should use shiver



shiver maps more nucleotides

Map 904 Miseq and 864 Hiseq samples first to the closest of 160 existing references 
(chosen with Kraken, often HXB2) then to the custom reference constructed by 
shiver. Compare the number of nucleotides mapped. Repeat for different thresholds 
on read identity - the fraction of a read that agrees with the reference.



shiver reconstructs more of the genome
strict on read identity (>85%)lenient on read identity (>50%)

lenient on 
coverage 

(>10)

strict on 
coverage 

(>100)



shiver decreases bias in the consensus

Miseq Hiseq


