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Notes on the talks:
ChrisWymant on Twitter



Qg@ The BEEHIVE Study: Bridging the Epidemiology
and Evolution of HIV in Europe

* \Whole viral genome data from >4000 patients.

e 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:

1%: the viral-molecular basis of virulence
2°. molecular epidemiology

3°: dual infections and minority variants
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-irst: reconstructing the viral genotype

(Next: putting It In context.)



paired-end reads
(150, 250 or 300bp)

founder

Miseq or
Hiseq

RT PCR: 4 amplicons, universal primers
(Gall et al, Journal of Clinical

Microbiology 2012)

manual RNA
extraction




Map Reads to a Known Reference...

.CTAGCTACGACT-GAATACGTATCTGACAGTAT. ..

CTAGCTACGACTTGAGTACGTATC
TAGCTACGACTTGAGTACGTATCG » Call the most common base
AGCTACGACTTGAGTACGTATC-G amongst the reads at each position
Ggﬁggﬁg“gﬁgmggﬂg'gﬁc  Retains within-host diversity
TACCACTTGACTACGCATC - CACA pformatlon (base frequencies and
ACGACTTGAGTACGTATC - GACAG inkage)
CGACTTGAGTACGTATC-GACAGT  Number of reads gives some
iINsertion substitution within-host deletion

polymorphism



Jout Mapping Induces Bias

f;en:i:ge The more different a read is from its
reference, the more likely it is to be aligned
incorrectly or not at all.

map sample reads l

to the reference

Systematic bias to make new sequences
mn insertion lost, as reads were resemble known examples. An extremely
not correctly aligned : : :
high mutation rate makes this an acute
oroblem for HIV.

=~ Ll |

Real data example: what the mapper should have done:

reference AAGTGTTAGTGTGGAAGTTTGACAGCAGCCTAGCACTTCATCACAGGGCCCGAGAGCAACATCCGGAGTTTTACAAAGACTGCTGACATC------------mmmmmm - GAGTTTCCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAAGGCGTGGCCTGGGLGGEG
read 1 AAGTGTTAATGTGGAAGTTTGACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGG
read 2 GACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGGGGAGGCGTGGCLCTGGGLGEE

What it did:

reference AAGTGTTAGTGTGGAAGTTTGACAGCAGCCTAGCACTTCATCACAGGGCCCGAGAGCAACATCCGGAGTTTTACAAAGACTGCTGACATCGAGTTTCCTACAAGGGACTTTCCGCTGGGGACTTTCCAGGGAAGGCGTGGCLTGGGLGEE
read 1 AAGTGTTAATGTGGAAGTTTGACAGCCGCCTAGCATTCCATCACGTAGCCCGAGAGCTGCATCCGGAGTACTACAAAGACTGCTGACATCGIA@AAAGAEIGQ1GA@AI€GAG@IIGIGGAAAGGGAGIIIGGGQIGGGGAGIiI@GAGG
read 2 GACAGECE G GTFAG GAGAGETG GGAG e GEFGACATCCTACAAAGACTGCTGACATCGAGCTTCTGCAAAGGGACTTTCCGCTGGGGACTTTCCAGGGGAGGCGTGGCCTGGGLGGE

——
— reads clipped




Reads

Seed sequence

erfect

match

Use to
extend

De Novo AssemDbly

 e.0. IVA (Hunt et al., Bioinformatics 2015): on HIV,

All

‘outperforms all other VIrus de novo assemblers’.

gn the reads to themselves, iteratively extending,

oroducing a number of summary seguences.
 No need for a reference: no bias.

AGCCGTGAACGAACT
AGCCGTGAACGAAC
LAGCCGTGAAACGAA
AGCCGTGAACGAA
.AGCCGTGAACGA
AGCCGTGAAC
LAGCCGTGAAT

. AGCCGTGAA

AGCCG

) |[.rcccereaac

* Diversity & low coverage — no contig

e 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

\ —
N2/ - blast HIV contigs f:\;reerge-sfollfwe lement add to an alignment
1 = \/ vt P of references,
~ \ — \ 9 manually trim ragged
INPUT: contigs > T Y endsif present
INPUT: i
raw reads contaminant e
contigs
N
—/ \~ N
N > I\ X _

- N - flatten contigs, rank

— 7 2~ > \ - map reads refs according to
trim adapters, d 1T = blast y P to the S|mllar|ty, fill in gaps
primers, low- ~\- | P constructed \/ using the closest refs
guality bases trimmed reference

reads cleaned

reads == = =
/) = =
— ; N — —
contaminant
reads \/ $ ./shiver_align_contigs.bash

majority base and minority :
frequencies across the genome $ ./shiver_map_reads.bash




Used to reconstruct whole™ genomes for

BEEHIVE: 1700+ samples PANGEA: 4300+ samples
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or not, depending on the sample



A consensus seguence 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),

e recombination between strains within-host.

Put within-host diversity in context: examine within- anad
between-host evolution at once, across the genome.
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pipeline)
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$ ./phyloscanner.py MyBamFiles.txt MyRefFiles.txt --windows 1,300,200,500,...

red.bam redRef.fasta Genomic coordinates
green.bam greenRef.fasta of the windows to be
blue.bam blueRef.fasta analysed: here,

1-300, 200-500, ...
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read_x_‘] e
T read_x_2

Merge overlapping paired ¢
reads into longer reads. ead x
s X 100 A R : : :
<10 Similarity- and frequency-based
— X read merging, for speed.
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Excise specified positions
(e.g. sites under selection).
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-eature-packed 2

e |nclude known references with the reads.
e [rim and/or discard low-gquality reads.
e Minimum read count.

e (Check every read for duplication in any other patient to find
contamination. Remove duplicates depending on counts.

e 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).
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375bp at the end of the gp120 gene. 700 patients, 8574 distinct reads.
merging threshold = 1bp, minimum read count =
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BEE0301-1_read_11_count_20 CO n al I ' | n a Or
BEE0301-1_read_5_ count_29
BEEO0301-1_read_15_count_13
BEEO0301-1_read_10_count_22
—BEEO301-1_read_33_count_2
BEEO0301-1_read_21_count_4
BEEO301-1_read_6_count_29
BEEO0301-1_read_25 count_3
BEE0301-1_read_13_count_17
BEEO301-1_read_32_count_2
BEEO0309-1_read_3_count_2
BEEO0301-1_read_17_count_8
BEE0301-1_read_31_count_2
BEEO301-1_read_29 count_2
BEEO301-1_read_2_ count_45
BEEO0301-1_read_28 count_2
BEEO301-1_read_12_count_19

0.05




C.BW.00.00BW07621.AF443088

— B.FR.83.HXB2_LAI_IllIIB_BRU.K03455
BEE0239-1_read_5_count_4

BEE0239-1_read_3_count_9
BEE0309-1_read_1_count_217

BEE0239-1_read_6_count_2
| IBEE0239—1_read_8_count_2

|—L

BEE0804-1_read_5 count_7
BEE0804-1_read_1_count_70

EE0804-1_read_10_count_2
BEE0804-1_read_2_count_39

BEE0804-1_read_11_count_2
BEE0804-1_read_8_count_2
BEE0804-1_read_3 count_22
BEE0804-1_read_7_count_3
BEE0804-1_read_9 count_2
BEE0804-1_read_12_count_2
BEE0804-1_read_6_count_3
BEEO0804-1_read_4_count_10
—BEEQO577-1_read_2_count_157
— BEEO577-1_read_7_count_2
— BEEO0577-1_read_1_count_354
—BEEO0577-1_read_4_count_8
——BEEO0577-1_read_3_count_9
‘E BEEO577-1_read_6_count_4
BEEO0577-1_read_5_count_5

— BEEO0301-1_read_8_count_27
BEE0O301-1_read_14_count_16
__I_—BEE0301—17read719fcount76
BEEO301-1_read_27 count_3
BEEO301-1_read_9 count_24
-[E BEEO301-1_read_26_count_3
BEEO301-1_read_18_count_7
BEEO301-1_read_1_count_244
| —BEEO0301-1_read_20_count_5
BEEO301-1_read_3_count_32
BEEO301-1_read_4 count_30
— BEE0309-1_read_2_count_4
— BEEO0301-1_read_23_count_3
- BEEO301-1_read 24 count_3
—BEEO0301-1_read_30_count_2
BEEO0301-1_read_7_count_27
BEEO301-1_read_22_count_4
BEEO301-1_read_16_count_11
BEE0301-1_read_11_count_20
BEEO0301-1_read_5_count_29
BEEO301-1_read_15 count_13
BEEO301-1_read_10_count_22
—BEEO0301-1_read_33_count_2
BEEO301-
BEEO0301-
BEEO0301-1_read_25 count_3
BEE0301-1_read_13_count_17
. BEEO301-1_read_32_count_2
BEE0309-1_read_3_count_2
BEEO301-1_read_17_count_8
BEEO301-1_read_31_count_2
BEEO301-1_read_29 count_2

1_read_21_count_4
1_read_6_count_29

BEEO301-1_read_2_ count_45
BEEO301-1_read_28_count_2
BEEO301-1_read_12_count_19

0.05

BEE0239-1_read_4_ count_5
BEE0239-1_read_2_count_16
BEE0239-1_read_1_count_200
BEE0239-1_read_7_count_2

donor?

recipient?

gag

HXB2 1800-2150

Left tree: 1bp
merging,
minimum reaad

count =

2.

Re-run with just
the transmission

pair, no

and No Minimum

read CcO

merging

unt for a

clearer picture

.BW.00.00BW07621.AF443088

B.FR.83.HXB2_LAI_IIIB_BRU.K03455
BEE0804-1_read_38_count_1
— BEE0804-1_read_30_count_1
|—BEE0804-1_read_14_count_2
|- BEE0804-1_read_96_count_1
|—BEE0804-1_read_71_count_1
BEE0804-1_read_69_count_1
|—— BEE0804-1_read_19_count_2
|- BEE0804-1_read_68_count_1
|- BEE0804-1_read_56_count_1
|—BEE0804-1_read_17_count_2
BEE0804-1_read_22_count_1
AiBEEaaOzM read_8_count_5
BEE0804-1_read_106_count_1
|- BEE0804-1_read_48_count_1
|- BEE0804-1_read_28_count_1
|—— BEE0804-1_read_78_count_1
|- BEE0804-1_read_90_count_1
|- BEE0804-1_read_34_count_1
HrBEEOBOtLW read_21_count_2
BEE0804-1_read_107_count_1
|- BEE0804-1_read_91_count_1
|- BEE0804-1_read_26_count_1
|— BEE0804-1_read_50_count_1
|—BEE0804-1_read_103_count_1
BEE0804-1_read_1_count_40
|- BEE0804-1_read_85_count_1
|- BEE0804-1_read_84_count_1
|- BEE0804-1_read_77_count_1
|- BEE0804-1_read_63_count_1
|—— BEE0804-1_read_95_count 1
|—BEE0804-1_read_99_count 1
|—BEE0804-1_read_70_count 1
|- BEE0804-1_read_24_count_1
BEE0804-1_read_87_count_1
|—BEE0804-1_read_29_count_1
%BEEOB(MA read_82_count_1
BEE0804-1_read_72_count_1
BEE0804-1_read_5_count_7
|- BEE0804-1_read_93_count_1
BEE0804-1_read_62_count_1
ﬂBEEOBOL\ read_73_count_1
BEE0804-1_read_114_count_1
BEE0804-1_read_97_count_1
BEE0804-1_read_45_count_1
BEE0804-1_read_37_count_1

|—BEE0804-1_read_16_count_2
BEE0804-1_read_31_count_1
ﬁEEEOBOAJ read_15_count_2
BEE0804-1_read_65_count_1
BEE0804-1_read_23_count_1
EEEOBOAA read_102_count_1
BEE0804-1_read_25_count_1
BEE0804—1_read_32_count_1
" BEE0804-1 read. 81 count 1
BEE0804-1_read_110_count_1
BEE0804-1_read_67_count_1
BEE0804-1_read_113_count_1
BEE0804-1_read_59_count_1
BEE0804-1_read_101_count_1
1 EE0804-1 read. 108 count 1
BEE0804-1_read_74_count_1
BEE0804-1_read_36_count_1
BEE0804-1_read_83_count_1
BEE0804-1_read_46_count_1
BEE0804-1_read_100_count_1
BEE0804-1_read_40_count_1
BEE0804-1_read_44_count_1
BEE0804-1_read_11_count_3
BEE0804-1_read_39_count_1
BEE0804-1_read_98_count_1
BEE0804-1_read_57_count_1
BEE0804-1_read_53_count_1
BEE0804-1_read_2_count_17
BEE0804-1_read_109_count_1
—— BEE0804-1_read_51_count_1
|—BEE0804-1_read_41_count_1

BEE0804-1_read_35_count_1
L}— BEE0804-1_read_27_count_1
BEE0804-1_read_20_count_2
BEE0804-1_read_4_count_12

|- BEE0804-1_read_89_count_1
|—BEE0804 d_7_count_5

|- BEE0804-1_read_49_count_1

|- BEE0804-1_read_76_count_1
——BEE0804-1_read_43_count_1
| |—BEE0804-1_read_42_count_1
|—— BEE0804-1_read_86_count_1
BEE0804-1_read_3_count_14

BEE0804-1_read_47_count_1
BEE0804-1_read_94_count_1
|—BEE0804-1_read_79_count_1

BEE0804-1_read_66_count_1
_ir BEE0804-1_read_13_count_2
BEE0804-1_read_75_count_1

|— BEE0577-1_read_80_count_1
BEE0577-1_read_102_count_1
BEE0577-1_read_5_count_27
BEE0577-1_read_109_count_1
BEE0577-1_read_104_count_1
BEE0577-1_read_74_count_1
BEE0577-1_read_98_count_1
BEE0577-1_read_79_count_1
BEE0577-1_read_17_count_3
BEE0577-1_read_112_count_1
|—BEE0577-1_read_44_count_1
BEE0577-1_read_71_count_1
—r_BEEosn-w,read,as,counu
BEE0577-1_read_89_count_1
|—BEE0577-1_read_61_count_1
— BEE0577-1_read_32_count_1
— BEE0577-1_read_49_count_1
|—BEE0577-1_read_54_count_1
BEE0577-1_read_63_count_1
BEE0577-1_read_50_count_1

BEE0577-1_read_28_count_1
BEE0577-1_read_11_count_6

BEE0577-1_read_114_count_1
BEE0577-1_read_52_count_1
| — BEE0577-1_read_111_count_1
| BEE0577-1_read_25_count_1
|—BEE0577-1_read_70_count_1
|—BEE0577-1_read_51_count_1
|—BEE0577-1_read_72_count_1
|- BEE0577-1_read_47_count_1
BEE0577-1_read_107_count_1
BEE0577-1_read_2_count_99

|—BEE0577-1_read_86_count_1
|—BEE0577-1_read_83_count_1
|—BEE0577-1_read_42_count_1
|—BEEO0577-1_read_64_count_1
BEE0577-1_read_34_count_1

}—BEE0577-1_read.
|—BEE0577-1_1

[ BEE0S77-17)

| BEE0577-1 read_30_count_1
|—BEE0577-1_read.
{—BEE0577-1_read.

BEE0577-1_read_100_count_1

" BEE0577-1.read_11_count_1

BEE0577-1_read_3_count_70
|—BEE0577-1_read_92_count_1
|—BEE0577-1_read_8_count 9

BEE0577-1_read_14_count_5
BEE0577-1_read_21_count_1
BEE0577-1_read_24_count 1
BEE0577-1_read_12_count_6
BEE0577-1_read_87_count_1

BEE0577-1_read_110_count_1
BEE0577-1_read_6_count_22
I—E!EE0577—1Jead,73,coum,1
BEEO0577-1_read_7_count_16
BEE0577-1_read_57_count_1
BEE0577-1_read_9_count_7
BEE0577-1_read_43_count_1
f— BEE0577-1_read_16_count_4
—— BEE0577-1_read_69_count_1
{— BEE0577-1_read_108_count_1
| BEE0577-1_read_58_count_1
|—BEE0577-1_read_105_count_1
|—BEE0577-1_read_94_count_1
BEE0577-1_read_4_count_62
BEE0577-1_read_103_count_1
|—BEE0577-1 read_96_count 1
BEE0577-1_read_29_count_1
-I_'__EEEosn-I read_46_count
BEE0577-1_read_19_count_3
{—BEE0577-1_read_45_count_1
|—BEE0577-1_read_53_count_1
|— BEE0577-1_read_27_count_1
r— BEE0577-1_read_91_count_1
[ BEE0577-1_read_33_count_1
|—BEE0577-1_read_10_count_7
BEE0577-1_read_15_count_4
rBEE05777‘7read74‘,00untﬁ‘
BEE0577-1_read_37_count_1
|—BEE0577-1_read_90_count_1

BEE0577-1_read_23_count_1
BEE0577-1_read_13_count_5
BEE0577-1_read_68_count_1

BEE0577-1_read_106_count_1
[—BEE0577-1_read_77_count_1

— BEE0577-1_read_48_count_1
BEE0577-1_read_101_count_1

BEE0577-1_read_35_count_1
|—BEE0577-1_read_99_count_1
|—BEE0577-1_read_56_count_1
BEE0577-1_read_1_count_106

_'—EEE0577:1 _read_22_count_1
BEE0577-1_read_66_count_1
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HXB2 2800-3150 (pol

—— BEE0239-1 read 9 count 2
—— BEE0239-1 read 5 count 4

—— BEE0239-1 read_3 count 37
BEE0239-1_read_12_count_2 d U a‘
BEE0239-1 read 4 count 7

BEE0239-1 read_11_count 2
BEE0239-1 read_8 count 2
BEE0239-1 read 10 _count 2

BEE0239-1 _read 2 count_60
BEEO0239-1 read 6 count_3
BEE0804-1 read 3 count 3

BEE0804—-1_read_1_count_189 d onNno I’?

——BEEQ0577-1 read_2 count 7
BEE0804-1 read 2 count 4 ' .
BEEO577-1 read 1 _count 157 re C I p I e ﬂ -tf?

C.BW.00.00BW07621.AF443088

BEE0239-1 _read_1_count_287 " "
—— BEE0239-1_read_7_count_2 | ﬂ fe Ct I O ﬂ

~_contaminatee

B.FR.83.HXB2 LAl _IlIB_ BRU.K03455
—— BEEQ0309-1 read 2 count 4 <

BEEO301-1_read 1 _count 417
BEEO301-1_read 2 count 49
BEEO309-1 read 1 _count_155

0.05

contaminator

BEE0804-1_read_39 count 1
BEE0804-1 _read_5 count 4
B.FR.83.HXB2_LAI_llIB_BRU.K03455

—— BEEO0804-1 _read 17 _count_1
— BEEO0804-1 read 22 count_1

BEEO804-1_read_16_count_2
—— BEE0804-1_read_27_count_1
—— BEE0804-1_read_30_count_1
—— BEE0804-1_read_44 count_1
—— BEEO0804-1_read_11_count_3
—— BEE0804-1_read_28 count_1
—— BEE0804-1_read_42 count_1
BEE0804-1_read_1 _count_114
—— BEE0804-1_read_19 count_1
——BEEO0804-1_read_43 count_1
——BEE0804-1_read_9_count_3
BEE0804-1_read_26 count_1
——BEE0804-1_read_13_count_2
—— BEEO0804-1_read_41_count_1

—— BEEO0804-1_read_4 count_6

_'— BEE0804-1_read_12_count_3

BEEO0804-1_read_21_count_1
—— BEE0804—-1_read_36_count_1
BEE0804-1_read_38_ count_1

—— BEEO0804-1_read_37_count_1

—— BEE0804-1 _read 24 count_1
——BEE0804-1_read_34 count_1

—— BEEQO577-1_read_11_count_1
—— BEEQO577-1_read_10_count_1

—— BEE0804-1_read_32 count_1

BEE0804-1 _read_10 _count_3

BEE0804-1_read_3 _count_11

——BEEQO577-1_read_4 _count_10

—— BEE0804-1_read_40_count_1

BEE0804-1_read_15_count_2

—— BEE0804-1_read_20_ count 1
+——BEE0804-1_read_33 count 1
——BEE0804-1_read_23 count 1

BEE0804-1_read_6_count_4
BEEO577-1_read_12_ count_1
| BEEO577-1_read_6_count_4

BEEO577-1 _read_7_count_4

BEE0804-1_read_2_ count_11
BEEO577-1_read_1_count_101
BEE0O804-1_read_8_count_3
—— BEE0804-1_read_18_count_1
—— BEEQO577-1_read_14_count_1
—— BEEO577-1_read_17_count_1
——BEEO577-1_read_2_count_10
I BEE0804-1_read_14 count_2

—— BEEQO577-1_read_26_count_1
—— BEEQO577-1_read 22 count_1
—— BEEQO577-1_read_8 count_2

I BEEO577-1_read_9_count_2
——BEEO0577-1_read_25_count_1
——BEEO0577-1_read_15_count_1
——BEEQ0577-1_read_20_count_1
—— BEEO0577-1_read_3_count_10
——BEE0577-1_read_16_count_1
—— BEEQO577-1_read_19_count_1
—— BEEQ0804—-1_read_7 count_3

BEE0804-1_read_29 count 1

BEEO577-1_read_23 count_1
—— BEEQO577-1_read_13_count_1

——BEEQ577-1_read_18 count_1
BEEO577-1_read_5 count_5
——BEEQO577-1_read_21_count_1

BEE0804-1_read_25 count 1

BEEO577-1_read_24 count_1

— BEE0804-1_read_35_ count_1

L—BEE0804-1_read_31_count_1

C.BW.00.00BW07621.AF443088

Transmission
pair with no
merging or

minimum
read count
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HXB2 4800-5150 (pol & vif

——— BEE0239-1 read 3 count 14

——B.FR.83.HXB2_LAI_llIB_BRU.K03455

BEEO309-1 read 1 count 12

BEE0239-1 read 4 count 8

BEE0239-1 read 2 count 18
BEE0239-1 read 1 _count 67
BEE0239-1 read 5 count 5
— BEEQ577-1 read_1_count 418

BEEO804-1 read 1 _count 222

recipient?

BEEO301-1 read 3 count 20
BEEO301-1 read 2 count 113
BEEO309-1 read 3 count 5

) BEE0301-1_read_1_count_213
d onor: | BEEO309-1 read 2 count 6

C.BW.00.00BW07621.AF443088

dual

BEE0239-1 read 6.count 3 € INfection

contaminatee

0.05 contaminator

C.BW.00.00BW07621.AF443088

— B.FR.83.HXB2_LAI_IIIB_BRU.K03455
BEE0804-1_read_3_count_7
; BEE0804-1_read_14_count_1

— BEE0804-1_read_46_count_1

—— BEE0804-1_read_4_count_6
— BEE0804-1_read_8_count_2
BEE0804-1_read_2_count_58

— BEE0804-1_read_54_count_1
|— BEE0804-1_read_34_count_1
— BEEO0804-1_read_36_count_1
|— BEE0804-1_read_59 count_1
|— BEE0804-1_read_58_count_1
— BEE0804-1_read_20_count_1
—BEE0804—-1_read_12_count_2

E0804-1_read_6_count_3
— BEE0804-1_read_7_count_3
|— BEE0804-1_read_35_count_1
— BEE0804—-1_read_60_count_1
— BEE0804-1_read_52_count_1

BEE0804-1_read_32_count_1

_{— BEE0804-1_read_21_count_1
BE

—— BEE0804-1_read_18_count_1
— BEE0804-1_read_51_count_1
—BEE0804-1_read_31_count_1
BEE0804—-1_read_16_count_1

BEEO0804-1_read_48_count_1

— BEE0804-1_read_26_count_1
— BEE0804-1_read_24_count_1
—BEEO0804-1_read_10_count_2
— BEE0804-1_read_39_count_1
— BEE0804-1_read_40_count_1
— BEE0804-1_read_44_count_1

BEE0804-1_read_47_count_1

| _47_ _

— BEE0804-1_read_25_count_1
— BEE0804-1_read_42_count_1
— BEE0804-1_read_30_count_1
% BEE0804-1_read_11_count_2
BEE0804-1_read_55_count_1
— BEE0804-1_read_23_count_1
— BEE0804-1_read_43_count_1
— BEE0804-1_read_50_count_1
—BEE0804-1_read_22_count_1
BEE0804-1_read_1_count_94
— BEE0804-1_read_15_count_1
— BEE0804-1_read_28_count_1
—BEE0804-1_read_41_count_1

— BEE0804-1_read_37_count_1
— BEE0804-1_read_5_count_3

—BEE0804-1_read_13_count_1
|— BEE0804-1_read_53_count_1
— BEE0804-1_read_33_count_1
|— BEE0804-1_read_57_count_1
—BEE0804-1_read_17_count_1

E0804-1_read_9_count_2
—— BEE0804-1_read_19_count_1
— BEE0804-1_read_29_count_1
—BEE0804-1_read_27_count_1

BEE0577-1_read_2_count_48

BEE0804—-1_read_38_count_1

BEE0804-1_read_45_count_1
; BEE0804-1_read_49_count_1

BEE0804-1_read_56_count_1
BE

— BEE0577-1_read_43_count_1

BEE0577-1_read_37_count_1
— BEE0577-1_read_52_count_1
— BEE0577-1_read_44_count_1

BEE0577-1_read_6_count_2
—‘: BEEO0577-1_read_12_count_1
BEEO0577-1_read_34_count_1

— BEE0577-1_read_47_count_1

BEE0577-1_read_33_count_1
— BEE0577-1_read_39_count_1
— BEE0577-1_read_56_count_1

— BEEO0577-1_read_55_count_1
— BEE0577-1_read_8_count_2
— BEE0577-1_read_36_count_1

BEE0577-1_read_46_count_1

BEE0577-1_read_29_count_1

BEEO0577-1_read_10_count_1
AEEOSWJ _read_3_count_32
BEE0577-1_read_18_count_1

— BEE0577-1_read_32_count_1
— BEE0577-1_read_5_count_3
— BEEO0577-1_read_28_count_1

— BEE0577-1_read_19_count_1
— BEE0577-1_read_17_count_1
— BEE0577-1_read_31_count_1
— BEE0577-1_read_57_count_1
— BEE0577-1_read_27_count_1
— BEEO0577-1_read_21_count_1
— BEE0577-1_read_48_count_1
— BEE0577-1_read_51_count_1
— BEEO577-1_read_22_count_1
— BEE0577-1_read_7_count_2

BEEO0577-1_read_1_count_270

— BEE0577-1_read_42_count_1
— BEEO0577-1_read_23_count_1
— BEE0577-1_read_35_count_1

E0577-1_read_24_count_1
— BEE0577-1_read_53_count_1
— BEE0577-1_read_11_count_1
— BEE0577-1_read_41_count_1
— BEE0577-1_read_30_count_1
— BEE0577-1_read_50_count_1
— BEEO0577-1_read_20_count_1
— BEE0577-1_read_9_count_1

BEE0577-1_read_49_count_1
—‘_EE0577—1 _read_14_count_1
BEEO0577-1_read_26_count_1

BEEO0577-1_read_38_count_1
L BEE0577-1_read_15_count_1

I BEE0577-1_read_25_count_1
BE

BEEO0577-1_read_40_count_1
BEEO0577-1_read_16_count_1

BEEO0577-1_read_45_count_1
BEEO0577-1_read_4_count_16

BEE0577-1_read_13_count_1

BEEO0577-1_read_54_count_1
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contaminatee (not here

BEE0239-1_read_15_count_9
BEE0239-1_read_2_count_106
BEE0239-1_read_26_count_4
BEE0239-1_read_1_count_178
BEE0239-1_read_21_count_6
BEE0239-1_read_22_count_5
BEEO0309-1_read_1_count_421
r——B.FR.83.HXB2_LAI_IlIB_BRU.K03455
BEE0239-1_read_27_count_3
BEE0239-1_read_36_count_2
BEE0239-1_read_37_count_2
BEE0239-1_read_11_count_12
BEE0239-1_read_23_count_5
BEE0239-1_read_33_count_3
BEE0239-1_read_13_count_11
BEE0239-1_read_38_count_2
BEE0239-1_read_41_count_2
BEE0239-1_read_8_count_14

BEE0239-1_read_3_count_51
] BEE0239-1_read_9_count_14
BEE0239-1_read_31_count_3
BEE0239-1_read_16_count_9 —
BEE0239-1_read_32_count_3
BEE0239-1_read_14_count_10 u u
BEE0239-1_read_25_count_4
BEE0239-1_read_17_count_9
BEE0239-1_read_4_count_47
BEE0239-1_read_20_count_6

BEE0239-1_read_24_count_4
BEE0239-1_read_43_count_2
BEE0239-1_read_7_count_14

BEE0239-1_read_6_count_15
BEE0239-1_read_30_count_3
BEE0239-1_read_19_count_7

BEE0239-1_read_35_count_2
BEE0239-1_read_5_count_31
{E BEE0239-1_read_40_count_2
BEE0239-1_read_28_count_3
BEE0239-1_read_18_count_9
LEEEEOZSQ_1 _read_42_count_2

BEE0239-1_read_34_count_3
BEE0239-1_read_12_count_11
BEE0239-1_read_29_count_3
BEE0239-1_read_39_count_2
BEEO0301-1_read_6_count_40
BEE0301-1_read_9_count_2
BEE0301-1_read_2_count_92
BEEO0301-1_read_7_count_38

]
BEE0301-1_read_1_count_136
BEEO0301-1_read_4_count_59

BEE0301-1_read_8_count_20

BEE0301-1_read_3_count_81
BEEO0301-1_read_5_count_43
BEE0804-1_read_11_count_2

1 —BEE0804-1_read_2_count_46

I - BEE0804-1_read_8_count_2

LBEE0804—1 _read_4_count_8 )
BEE0804-1_read_7_count_3
BEE0804-1_read_9_count_2 n

EBEE0804—1 _read_5_count_5
BEE0804-1_read_3_count_17
BEE0804-1_read_1_count_393
I {BEE0804—17read71 0_count_2
BEE0804-1_read_6_count_5

] [ ]
BEEO0577-1_read_3_count_51
_FBEE0577—1 _read_2_count_56
BEEO0577-1_read_1_count_331 .

All trees excise the DRMs of
Johnson et al., Top. Anti. Med. 2011
and Gatanaga et al., J. Biol. Chem.

2002 and the CTL-escape sites of
Carlson et al., J. Virology 2012
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~BEE0577-1_read_52_count_1

|- BEE0577-1_read_10_count_1
| BEE0577-1_read_76_count 1

| BEE0577-1_read_62_count_1

[ BEE0577-1_re _count_
| BEE0577-1_read_71_count_1
|-BEE0577-1_read_23_count_1
| BEE0577-1_read_67_count_1
| BEE0577-1_read_75_count_1
|-BEE0577-1_read_13_count_1
BEE0577-1_read_3_count_65
|- BEE0577—

read_9_count_2
BEE0577-1_read_79_count_1
EE0577-1_read_55_count _1
| BEE0577-1_read_14_count_1
I BEE0577-1_read_31_count_1
| BEE0577~ _count_
- BEE0577-1_read_11_count_1
BEE0577-1_read_61_count_1
BEE0577-1_read_7_count_2
BEE0577-1_read_72_count_1

BEE0577-1_read_53_count_1
BEE0577-1_read_5_count 44
BEE0577-1_read_59_count_1
BEE0577-1_read_25_count_1
BEE0577-1_read_33_count_1
BEE0577-1_read_22_count_1
BEE0577-1_read_1_count_114
|- BEE0577-1_read_28_count 1
"-BEE05774Jead,chounU
BEE0577-1_read_77_count_1
|- BEE0577-1_read_66_count_1
_read_51_count_1
BEE0577-1_read_47_count_1
BEE0577-1_read_82_count_1
read_15_count_1
BEE0577-1_read_68_count_1
BEE0577-1_read_50_count_1
BEE0577-1_read_57_count_1
BEE0577-1_read_19_count_1
BEE0577-1_read_4_count_46
BEE0577-1_read_45_count_1
BEE0577-1_read_18_count_1
|- BEE0577-1_read_80_count_1
|- BEE0577-1_read_40_count 1
| BEE0577-1_read_16_count 1
| BEE0577-1_read_46_count 1
|- BEE0577-1_read_64_count_1
|- BEE0577-1_read_30_count_1
EEEOSW—!JeadJs,counU
BEE0577-1_read_69_count_1
|- BEE0577-1_read_63_count_1
| BEE0577-1_read_29_count 1
| BEE0577-1_read_48_count 1
| BEE0577-1_read_56_count 1
-BEE0577-1_read_34_count_1

d.
{BEEDBO/\—\ read_23_count_4
BEE0804-1_read_46_count_1
BEE0804-1_read_127_count_1

BEE0804-1_read_25_count_3
BEE0804-1_read_104_count_1
BEE0804-1_read_19_count_4

BEE0804-1_read_60_count_1
BEE0804-1_read_35_count_2
BEE0804-1_read_106_count_1
BEE0804-1_read_114_count_1
BEE0804-1_read_22_count_4
|- BEE0804~1_read_112_count_1
| BEE0B04~1_read_154_count_1
|- BEE0B04~1_read_49_count_1
|- BEE0804-1_read_93_count_1
BEE0804-1_read_1_count_65
{BEEUBMJ read_142_count_1

BEE0804-1_read_15_count_6
BEE0804-1_read_88_count_1
BEE0804-1_read_44_count_1
BEE0804-1_read_16_count_6
BEE0804-1_read_98_count_1
BEE0804-1_read_102_count_1
|- BEE0804~1_read_108_count_1
|- BEE0804—1_read_140_count_1
| BEE0804—1_read_84_count_1
| BEE0804—1_read_27_count 2
BEE0804-1_read_134_count_1
BEE0804-1_read_17_count_5
BEE0804-1_read_92_count_1
BEE0804-1_read_138_count_1
| BEE0804~1_read_103_count_1
BEE0804-1_read_30_count_2
BEE0804-1_read_143_count_1
BEE0804-1_read_13_count_7
BEE0804-1_read_124_count_1
BEE0804-1_read_12_count_7
BEE0804-1_read_65_count_1
BEE0804-1_read_36_count_2
BEE0804-1_read_110_count_1
BEE0804-1_read_52_count_1
{BEEUBU/M read_33_count_2
BEE0804-1_read_78_count_1
| BEE0B04—1_read_152_count_1
| BEE0B04—1_read_96_count_1
| BEE0B04~1_read_137_count_1
rBEE0804—1,rsad,aa,counu
BEE0804-1_read_122_count_1
r-BEE0804-1_read_118_count_1
BEE0804-1_read_113_count_1
BEE0804-1_read_149_count_1
BEE0804-1_read_10_count_10
}»BEEOBOA—T read_47_count_1
- BEE0B04-1_read_66_count_1
BEE0804-1_read_43_count_1
BEE0804-1_read_18_count_5
'tBEEOBOA— ad_105_count_1

BEE0804-1_read_82_count_1
[ BEE0804-1._read_67_count i
BEE0804-1_read_8_count_13
BEE0804-1_read_62_count_1
BEE0804-1_read_37_count_2
-BEE0804~1_read_71_count_1
BEE0804-1_read_59_count_1
BEE0804-1_read_20_count_4
BEE0804-1_read_150_count_1

BEE0804-1_read_89_count_1
BEE0804-1_read_119_count_1
BEE0804-1_read_56_count_1
BEE0804-1_read_75_count_1
|- BEE0B04-1_read_95_count_1
BEE0804-1_read_86_count_1
BEE0804-1_read_132_count_1
BEE0804-1_read_94_count_1
BEE0804-1_read_144_count_1
BEE0804-1_read_5_count_30
BEE0804-1_read_54_count_1
BEE0804-1_read_79_count_1
BEE0804-1_read_90_count_1
BEE0804-1_read_76_count_1
|- BEE0804-1_read_129_count_1
BEE0804-1_read_156_count_1

BEE0804-1_read_40_count_1

BEE0804-1_read_133_count_1

BEE0804-1_read_4_count_33

BEE0804-1_read_115_count_1

BEE0804-1_read_73_count_1

BEE0804-1_read_135_count_1
BEE0804-1_read_141_count_1
BEE0804-1_read_147_count_1
LBEEmww read_121_count_1

BEE0804—1_read_42_count_1
BEE0804-1_read_107_count_1
{!EEOSDAA read_21_count_4

BEE0804-1_read_57_count_1
BEE0804-1_read_157_count_1
BEE0804-1_read_74_count_1
FBEEOSUAA,madJ17,coum,|
BEE0804-1_read_38_count_2
BEE0804-1_read_68_count_1
BEE0804-1_read_53_count_1
BEE0B04-1_read_67_count_1
BEE0B04-1_read_9_count_10
BEE0804-1_read_50_count_1
BEE0804-1_read_58_count_1
BEE0804-1_read_28_count_2
BEE0804-1_read_2_count_55
BEE0804-1_read_130_count_1
BEE0804-1_read_34_count_2
EEEOSOA—W read_91_count_1
BEE0804-1_read_99_count_1
BEE0804-1_read_41_count_1
BEE0804-1_read_32_count_2
BEE0804-1_read_11_count_9
BEE0804-1_read_148_count_1
BEE0804-1_read_153_count_1
BEE0804-1_read_83_count_1
BEE0804-1_read_26_count_2
BEE0B04-1_read_39_count_2
BEE0804-1_read_151_count_1
BEE0804-1_read_69_count_1
FEEOBM—IJC:\(},EW,coum,l
BEE0804-1_read_136_count_1
BEE0804-1_read_80_count_1
BEE0804-1_read_131_count_1
BEE0804-1_read_87_count_1
BEE0804-1_read_128_count_1
BEE0804-1_read_146_count_1
BEE0804-1_read_3_count_42
BEE0804-1_read_55_count_1
BEE0804-1_read_51_count_1
BEE0804-1_read_61_count_1
BEE0804-1_read_100_count_1
BEE0804-1_read_125_count_1
BEE0B04-1_read_24_count_4
BEE0804-1_read_123_count_1
BEE0804-1_read_101_count_1
BEE0804-1_read_6_count_14
BEE0804-1_read_48_count_1
BEE0804-1_read_111_count_1
BEE0804-1_read_139_count_1
BEE0804-1_read_116_count_1
BEE0804-1_read_126_count_1
BEE0804-1_read_29_count_2
BEE0804-1_read_120_count_1
BEE0804-1_read_155_count_1
BEE0804-1_read_45_count_1

BEE0804-1_read_85_count_1
EEEOBDA—

read_77_count_1
BEE0804-1_read_145_count_1
r BEE0B04-1_read_72_count_1
F[EOSOAA read_7_count_14

BEE0804-1_read_109_count_1
BEE0804-1_read_31_count_2
[ BEE0804-1_read 70_count 1
{BEEUS(MA read_64_count_1
BEE0804-1_read_14_count_6
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BEE0239-1_read_26_count_4
EE0239-1_read_1_count_178
EE0239-1_read_2_count_106
BEE0239-1_read_15_count_9
BEE0239-1_read_21_count_6
BEE0239-1_read_22_count_5
BEE0309-1_read_1_count_421
BEE0301-1_read_6_count_40
EE0301-1_read_9_count_2

BEE0301-1_read_2_count_92
BEE0301-1_read_7_count_38
EEO0301-1_read_3_count_81
BEE0301-1_read_5_count_43

FEEOSO1 —-1_read_4_count_59
BEE0301-1_read_1_count_136
BEE0301-1_read_8_count_20

BEE0804-1_read_11_count_2

BEE0804-1_read_8_count_2

BEE0804-1_read_4_count_8

BEE0804-1_read_7_count_3

BEEO0577-1_read_3_count_51

EE0577-1_read_1_count_331

BEEO577-1_read_2_count_56

BEEO0804-1_read_1_count_393

BEE0804-1_read_10_count_2

BEE0804-1_read_6_count_5

BEE0804-1_read_2_count_46

BEE0804-1_read_9_count_2

- bootstrap S (%
2 a values > 30 shown on nodes

90

C.BW.00.00BW07621.AF443088

BEE0804-1_read_3_count_3

BEE0804-1_read_1_count_189
BEEO577-1_read_2_count_7

EE0577-1_read_1_count_157

: 50 —,

%94

94

45

BEE0239-1_read_5 count_4
| EEE0239—1 _read_3_count_9

— B.FR.83.HXB2_LAI_IlIIB_BRU.K03455

BEE0309-1_read_1_count_217

BEE0804-1_read_8_count_2
RF— BEE0804-1_read_11_count_2
EE0804-1_read_10_count_2
BEE0804-1_read_2_count_39
BEE0804—-1_read_1_count_70
BEE0804-1_read_5 count_7
BEE0804-1_read_3_count_22
BEE0804—-1_read_7_count_3
BEE0804-1_read_9_count_2
BEE0804-1_read_12_count_2
BEE0804-1_read_6_count_3
1 BEE0804—-1_read_4 count_10
— BEEO0577-1_read_2_count_157
2. BEEO577-1_read_4_count_8
— BEEQO577-1_read_7_count_2
—BEEO577-1_read_1_count_354
——BEEO0577-1_read_3_count_9

BEE0239-1_read_6_count_2
EE0239-1_read_8_count_2
BEE0239-1_read_2_count_16
BEE0239-1_read_4 count_5
BEE0239-1_read_7_count_2
BEE0239-1_read_1_count_200

—— BEE0239-1_read_9 count_2

EE0804-1_read_2_count_4
ﬁa:; BEE0239-1_read_5_count_4 O
BEE0239-1_read_12_count_2

—— BEE0239-1_read_3_count_37

BEE0239-1_read_4_count_7

BEE0239-1_read_1_count_287

BEE0239-1_read_7_count_2

5|§EE0239—1 _read_11_count_2
BEE0239-1_read_8_count_2

EE0239-1_read_10_count_2
EE0239-1_read_2_count_60
BEE0239-1_read_6_count_3

q|:. FR.83.HXB2_LAI_

111B_BRU.K03455
BEE0301-1_read_2_count_49

* 1 BEE0309-1_read_2 count 4
EE0301-1_read_1_count_417
1 O O BEE0309-1_read 1 count 155
91

33

91

0.05

96
94

100

BEEO0804-1_read_5_count_5
BEE0804-1_read_3_count_17

—— B.FR.83.HXB2_LAI_llIB_BRU.K03455
BEE0239-1_read_27_count_3
AEBEE0239-1_read_36_count_2
BEE0239-1_read_37_count_2

BEE0239-1_read_33_count_3
BEE0239-1_read_23_count_5
BEE0239-1_read_43_count_2

BEE0239-1_read_24_count_4
BEE0239-1_read_11_count_12
BEE0239-1_read_35_count_2
BEE0239-1_read_19_count_7
BEE0239-1_read_30_count_3
BEE0239-1_read_6_count_15
BEE0239-1_read_34_count_3
EE0239-1_read_12_count_11
EE0239-1_read_39_count_2
BEE0239-1_read_29_count_3
BEE0239-1_read_13_count_11
BEE0239-1_read_38_count_2
BEE0239-1_read_41_count_2
BEEO0239-1_read_8_count_14
BEE0239-1_read_42_count_2
EE0239-1_read_32_count_3
BEE0239-1_read_3_count_51
BEE0239-1_read_31_count_3
BEE0239-1_read_9_count_14
BEE0239-1_read_16_count_9
BEE0239-1_read_14_count_10
BEE0239-1_read_17_count_9
BEE0239-1_read_4_count_47
BEE0239-1_read_25_count_4
BEE0239-1_read_20_count_6
BEE0239-1_read_40_count_2
BEE0239-1_read_5_count_31
BEE0239-1_read_18_count_9
BEE0239-1_read_28_count_3
BEE0239-1_read_7_count_14

\ 104

BEEO0577-1_read_6_count_4
BEE0577-1_read_5_count_5 L
—BEEO0301-1_read_8_count_27
BEEO301-1_read_14_count_16
i BEE0301-1_read_27_count_3 7 7
JOf 1 BEEO301-1_read_19_count_6
BEE0301—1 read 9 count 24 C.BW.00.00BW07621.AF443088 2
-EE BEE0301-1_read_18_count_7 EE0309-1_read_2_count_6
BEE0301-1_read_26_count 3 7 EE0301-1 Jeadj _Ccou nt72‘l 3
BEE0301-1_read_1_count_244 BEE0301-1_read_3_count_20
| |—BEE0301-1_read_20_count_5 %EEOSOQJ _read_3_count_5 . 59
BEEO0309-1_read_2_count_4 BEEO0301-1_read_2_count_113 48
BEEO0301-1_read_2_count_45 BEEQ0309-1_read_1_count_12 O — V |
‘E.EBEEOSW ~1_read_12_count_19 BEE0577-1_read_1_count_418 37
B
| BEE0301-1 read 29 count 2 BEE0239-1_read_4_count_8 38
BEE0301-1_read_21_count_4 3 BEE0239-1_read_5_count_5
BEE0301-1_read_6_count_29 EE0239-1_read_1_count_67 28
BEE0301-1_read_13 _count_17 ‘ BEE0239-1 read 2 count 18
BEE0301-1_read_32_count_2 0 BEE0239-1_read_6_count_3
| BEE0301-1_read_25_count_3 < BEE0239-1_read_3_count_14 &
—1_ B.FR.83.HXB2_LAI_llIB_BRU.K03455 73

EE0309-1_read_3_count_2
BEEO301-1_read_17_count_8
BEEO301-1_read_30_count_2
BEE0301-1_read_24_count_3 , 56 55 I
BEEO0301-1_read_33_count_2

38 41

BEEO0301-1_read_23_count_3
41
62

BEE0301-1_read_4_count_30
55
0.05

BEE0301-1_read_3 count_32
BEEO301-1_read_11_count_20
BEEO301-1_read_5_count_29
BEEO0301-1_read_10_count_22
BEEO301-1_read_15_count_13
BEEO301-1_read_7_count_27
BEE0301-1_read_16_count_11
BEE0301-1_read_22 count_4

0.05 —0.05
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Two patients’ reads can be...

separated, entangled, or clearly directed. Count these over all
SEEn e ot windows (31 here):

BEE0804—-1_read_5 count_7
BEE0804-1_read_1_count_70
BEE0804-1_read_11_count_2
BEE0804-1_read_8 count_2
BEE0804—-1_read_3_count_22
BEE0804—-1_read_7 count_3
BEE0804-1_read_9 count_2
BEE0804-1_read_12_count_2
BEE0804-1_read_6_count_3
BEE0804-1_read_4 count_10
—BEEO0577-1_read_2_count_157
— BEEO577-1_read_7_count_2

R LA B SRR ——BEE0804-1_read_17_count_1

BEE0577-1 read_52_count_1

——BEE0804-1_read_22_count_1
——BEE0804-1_read_24 count_1
—— BEE0804-1_read_34_count_1
e — BEE0804-1_read_16_count_2

e e o —— BEE0804-1_read_27_count_1

ey e et L BEE0804-1_read_30_count_1
- - —— BEE0804—-1_read_44_count_1
—— BEE0804-1_read_11_count_3
—— BEE0804-1_read_28_count_1
—— BEE0804-1_read_42_count_1

: o BEE0804-1_read_1_count_114

P —— BEE0804-1_read_19_count_1
——BEE0804—-1_read_43_count_1
——BEE0804-1_read_9 count_3

e gy ad 2o comnt 1 —BEE0577-1_read_1_count_354
— -1_read_13_count_. | _
[ BEE0804-1_read_41_count_1 _BEE(|)55|)57075717{1eaSE;d_ 3 uégﬁﬁt 9
BEE0804-1_read_4_count_6 — - —
BEE0804-1_read_12_count_3 [~ BEE0577-1_read_6_count_1
—TBEE0804-1_read_21_count_1 BEE0577-1_read_5_count_5

| BEE0804-1_read_36_count_1 B E E O 8 O 4 - 1
—— BEE0804-1_read_38_count_1

——BEE0804-1_read_37_count_1

—— BEEO0577-1_read_11_count_1

——BEE0577-1_read_10_count_1

——BEEO0804-1_read_32_count_1
T S e BEE0804-1_read_10_count_3

PR e % seroconverted
BEE0804-1_read_33_count_1

——BEE0804-1_read_23_count_1

BEE0804-1_read_3_count_11
e 2007, Amsterdam
——BEE0804-1_read_40_count_1 y S e rO C O n Ve r e
BEE0804-1_read_15_count_2
BEE0804-1_read_6_count_4
BEE0577-1_read_12_count_1 2 O .1 O A _t
BEEO0577-1_read_6_count_4 I I I S e r al I I
ez e, —L BEEO0577-1_read_23_count_1 )
| BeEteea o o cone 2 —— BEE0577-1_read_13_count_1
BEEO0577-1_read_7_count_4
—— BEEO0577-1_read_18_count_1

ead_65 ot
||BEE0804- 1. read_36_cou
BEE0B04-1_read 110_count_1

T S BEEO577-1_read_5_count_5

BEE0804-1_read

——BEEO0577-1_read_21_count_1
BEE0804-1_read_2_ count_11
BEE0577-1_read_1_count_101
BEE0804-1_read_8_count_3

—— BEE0804-1_read_18_count_1

——BEEO0577-1_read_14_count_1 .

——BEEO0577-1_read_17_count_1 "

& e ee package github: twoseventwo
BEE0804-1_read_14_count_2

—1_ BEE0804-1_read_25 count_1

——BEEO0577-1_read_26_count_1

——BEEO0577-1_read_22_count_1

——BEEO0577-1_read_8_count_2

|
BEE0577-1_read_24_count_1 "
B c.f. Yoma et al., Genetics 2013;
—— BEE0577-1_read_25_count_1
—— BEE0577-1_read_15_count_1

B s Didelot et al., Mol. Biol. Evol. 2014;

——BEEO0577-1_read_16_count_1
——BEE0577-1_read_19_count_1

e e Hall et al. PLoS Comp. Biol. 2015:
<enah et al., arxiv 2016.
Romero-Severson et al. 2016

Matthew
Hall

| BEEo804-1.read 64_count 1
IBEE0804-1_read_14_count 6
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summary

Analysis of phylogenetics between
and within, along the genome, shows:

- L=
S — e . .
\\’/E'Tl//\z:\ = \ = =+ transmission: one quasispecies
S\ ==F== = = as the descendant of another
AR = = : : .
Q///F\%\ » - %ﬁz * dual infections: two distinct
N — 427\ —— T — . .
Fl= = = = guasispecies
AN === _ =+ recombination: intermediates
= 5 = = . .
NEe = a = > {{E between two quasispecies
~N\— - EE
g

 contamination: repeated exact

chiver bhyloscanner duplication of reads



Extra slides

Quantifying, not just arguing,
why you should use shiver



shiver maps more nucleotides

minimum read identity = 0.75 0
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minimum read identity

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
lenient on read identity (>50%) strict on read identity (>85%)
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shiver decreases plas In the consensus
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