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RNAVIrus:Intra-Host Population

High mutation rate (~16)

Lauring& Anding PLoSPathogens
2011



Intra-Host Viral Population:
Curse or Blessing?

Curseg for sequencing
A very low variabilitwserror rate

A analogue to very low sign#b-noise ratio
A Mutation = signal rate 0.05%
A Error rate = noise rate 0.1% / 2%

Blessingg for transmission inference

A Just a single sequence/no variati@h no information
A limited information for relatedness
A for inferring direction of transmission

This talk deal first withCurseand then withBlessing



Intra-HostViral Population
Reconstruction
from Single Amplicon NGS Read:s



Introduction

A Viral spectrum reconstruction for RNA virus

A Technology: SMRSequencing technologie®4cBi)
I Long (up to 10 000bp)
I High error rate (~1%A 3%
I Low coverage30kA 100kreads)



ExistingAlgorithms

A PredictHaplo(Francesca Diallonardcet al)

I Probabilistic (Bayesian mixture) model widirichlet
process to estimate number of haplotypes

I Markov chain via Monte Carlo sampling for inference

A Multiplexedhighly-accurate DNA sequencing of closefated
HI\L1 variants using continuous long reads from single molecule,
reaktime sequencingario ADilerniaet al.)



ML ProblenFormulation

A Given:set ofreadsRfrom unknown haplotype sdt Q

A Find:set of haplotypesd={H,> X J with corresponding
frequencied={f,> X mBximizing PR H)

NOTEGiven haplotypes, the frequenciean be reliably
estimated viaExpectatioAMaximization

I similarlyto transcriptomequantification



Alignment

A ldeal: MultipleSequence Alignment of all reads

A Challenge:
I too manyindels (10% of2300bp sequencgs
I In too many reads (1080K)
A Solution:
I Pairwise alignment to reference BWAH( and Durbin R. (2099)

I B2W gagordio, Geyrhoferl, Roth VBeerenwinkeN (2009)

A Error rate:

I After alignment the error rate reduces significantly
A Majority of errors are random lengthy insertions
A Alignment removes random insertions



Extract signal from noise

Assumption:Noise igandom/ signal isnot!

For 2 positions | and J:
- Major/Major haplotype 11

- Major/Minor haplotype 12 e
- Minor/Major haplotype 21 AreTe
- Minor/Minor haplotype 22 aeTE
Theorem:Minor/Minor does not exist, then ~

A C T T C

for expected number ofeadsEki(k,l=1,2)
E11*E22<= E12*E21

Definition: let X be binomial distribution with

p = (A12*A21/A11*h -

Akl(k,F1,2)and n = observed number cdads  wajommaor

Major/Minor

Positions

Minor/Major

If Prol(X>A22) <0.01/(N choose 2), then MinoriMinor
These two minor alleles aimked
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Haplotyping

A Initial cluster C containsall reads
A Label C complex
A Repeat

I If thereis acomplex cluster

A Find pair of linked SNVs

A If it exists split that cluster on 2 parts
elselabel current cluster as simple

A Until all clusters are simple
A Calculate frequencieswith KGEM
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Edit Distancédeatmap
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Clone?2
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Inferring Viral Transmissions
from
Intra-Host Viral Populations



NGS of HOC outbreak

A 18 patients, 154233 reads
and 33767 unique
sequences.

A Each node is a unique
sequence

A Different patients are
shown in different colors

A Two sequences are linked
if they differ in a single
nucleotides




NGS of HOC outbreak

A 18 patients, 154233 reads
and 33767 unique
sequences.

A Each node is a unique
sequence

A Different patients are |
shown in different colors o

A Two sequences are linked
if they differ in a single
nucleotides

Sequences of the source patient
are shown in green.



NVC HVR1 Quasispecies Analysis

(E1-HVR1 region, 291 bp in length, only unique clonal sequences are shown)

Clinic-acquired HCV
Infection and Potential Source
Q NHANES Il Participants

The main challenge:

A

A

Finding consensus
seqguence is not enough

It is crucial to get the
whole viral

guasispecies spectrum
(all sequences and
their relative
frequencies), since
minor variants can be
responsible for viral
transmission




Advanced Molecular Detection of viral
transmissions and outbreaks

A Phylogenetic analysis
A Thresholdbased methods
A Random processes

A Nonparametric methods



Thresholdbased methods



Outbreak detection and display

A Step 1: calculate distances amagpatients

A We can measure distances among patients in

different ways

: : Patient 1 Patient 2

A Distance between representatives
(consensus or most frequent) .:

A Average distance e

A Minimal distance

A Step 2: Link populations with distances smaller than
a cutoff

— @




Distance between consensuses

Wertheim et al.The Global Transmission Network of HIY
TheJournal of Infectious Diseases 2014;209¢3(®

Cutoff:1.5% (approximate levelf intrahostdiversity earlyin infection known from a
literature)

Pros:
A Easy to automate
A Simpleand computationally efficient (linear)

Cons:
A Does not take into account structure of quasispecies population

A Does not allow detection of directions of transmissions
A May not detect transmissions of minor viral subpopulations



Nonparametric detection of
transmissions



Clinic-acquired HCV
Infection and Potential Source

NHANES Il Participants
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Clinic-acquired HCV
Infection and Potential Source
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