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Your second genome!?

Microbiome
~100 trillion cells

Human body:
~10 trillion cells

Total mass:
~3.3 Ibs

Human brain:
~3.3 Ibs

Are We Really Vastly Outnumbered? Revisiting the Ratio of Bacterial to Host Cells in Humans
Sender et al (2016) Cell. http://doi.org/10.1016/j.cell.2016.01.013



Pre-PCR: Gram-Staining

Gram staining
differentiates bacteria by
the chemical and physical
properties of their cell
walls by detecting
peptidoglycan, which is
present in the cell wall of
Gram-positive bacteria




|6S rRNA
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The 16S rRNA gene is a section of prokaryotic DNA found in all bacteria
and archaea. This gene codes for an rRNA, and this rRNA in turn makes
up part of the ribosome.

The 16S rRNA gene is a commonly used tool for identifying bacteria for
several reasons. First, traditional characterization depended upon phenotypic
traits like gram positive or gram negative, bacillus or coccus, etc. Taxonomists
today consider analysis of an organism's DNA more reliable than classification
based solely on phenotypes. Secondly, researchers may, for a number of
reasons, want to identify or classify only the bacteria within a given
environmental or medical sample. Thirdly, the 16S rRNA gene is relatively short
at 1.5 kb, making it faster and cheaper to sequence than many other unique
bacterial genes.

http://greengenes.lbl.gov/cgi-bin/JD_Tutorial/nph-16S.cgi













| 6S versus shotgun NGS

16S NGS
Fast (minutes — hours) Slower (hours to days)
Directed analysis Whole Metagenome
Cheap per sample More expensive per sample
Family/Genus Identification Species/Strain Identification

Genes presence/absence
Variant analysis
Eukaryotic hosts

Can ID fungi, viruses, etc.



Kraken

Query sequence

B K-mertoLCA mapping
(pre-computed database)

Classification
tree and path

N XN
) Q) CME2: G
Taxonomy tree

Sequence classified as belonging to leaf of
classification (highest-weighted RTL) path

Kraken: ultrafast metagenomic sequence classification using exact alignments
Wood and Salzberg (2014) Genome Biology. DOI: 10.1186/gb-2014-15-3-r46



Global Ocean Survey

Pacific Ocean
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].a Gilbert JA, Dupont CL. 2011.
Annu. Rev. Mar. Sci. 3:347-71




Metasub

1. Swab (3 min) 2. Annotate 3. GPS-tag/timestamp
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Geospatial Resolution of Human and Bacterial Diversity with City-Scale Metagenomics
Afshinnekoo et al (2016) Cell Systems. http://dx.doi.org/10.1016/j.cels.2015.01.001



Q. NEW YORK Ehe New 1Jork Times

Bubonic Plague in the Subway
System? Don’t Worry About It

In October, riders were not deterred after reports that an Ebola-infected man had

ridden the subway hast before be fell 1L Rots



Microbes and Human Health

“MICROBE DIET Mice fed microbes from obese people tend to gain fat. Microbes
from lean people protect mice from excessive weight gain, even when animals eat a
high-fat, low-fiber diet.”

Gut Microbiota from Twins Discordant for Obesity Modulate Metabolism in Mice
Ridaura et al (2013) Science. doi: 10.1126/science.1241214



Micro_bes and Human I—I_ealth

@ Mrtmcbacteria
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The human microbiome: at the interface of health and disease
Cho & Blaser (2012) Nature Reviews Genetics. doi:10.1038/nrg3 182



Human Microbiome Project
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Structure, function and diversity of the healthy human microbiome
The Human Microbiome Project Consortium (2012) Nature. doi:10.1038/naturel 1234




Functional composition tends to be
more stable than genome composition
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Structure, function and diversity of the healthy human microbiome
The Human Microbiome Project Consortium (2012) Nature. doi:10.1038/naturel 1234



Listeria in ice cream
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Species
. Listeria monocytogenes
. Anoxybacillus flavithermus
Thermus parvatiensis
Thermus thermophilus
. Geobacillus stearothermophilus
. Vibrio alginolyticus
StaphEpidermidis_d101_6055 Branch
Pseudomonas fulva
StaphEpidermidis_d99_6057 Branch
. Enterococcus faecium
. Pseudomonas sp. URMO17WK12:111
. Firmicutes bacterium JGI 0000112-M16
. Vibrio antiquarius

Pasteurella multocida
Escherichia coli
Streptococcus_2055 Branch
. Streptococcus thermophilus
Enterococcus faecalis
StaphEpidermidis_d100_6056 Branch
. Staphylococcus aureus
Clostridium perfringens
Geobacillus_12818 Branch
Firmicutes bacterium JGI 0000112-P22
. Enterococcus sp. GMD5E

5 . others



Amerithrax Analysis

Location of anthrax spores and infections from 2001 outbreak:
Kansas City, Mo. Indianapolis, Ind.
Spores found Spores found in postal facility
in postal facility
New York City
Four confirmed cases;
one death
Princeton, Hamilton, N.J.
T Five confirmed cases
Washington, D.C., area
Three confirmed cases
and two deaths

Sercs: U5, Canters kv Dissase One confirmed case; one death
Graphic: Staff
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Bacillus anthracis comparative genome analysis in support of the Amerithrax investigation

Rasko et al (201 1) PNAS. doi: 10.1073/pnas.1016657108



Diagnosing Brain Infections with NGS

TV GaD >

*Fu. postbiopsy

Il F ixation/paraffin| Special stans | re—
processing | preparasion Discharge transfer | Brain MRI
—— . NGS diagnosis: 15 reads to rehabilitation | follow-up |
Neuropathology diagnosis: M. tuberculosis B |
Granulomatous inflammation
No microorganisms identified
Anti-tuberculous treatment established:

w
[1NA NGS :nbraty Isoniazid + pyrazinamide + rifampin
@

Next-generation sequencing in neuropathologic diagnosis of infections of the nervous system
Salzberg et al (2016) Neurol Neuroimmunol Neuroinflamm dx.doi.org/10.1212/NX1.000000000000025 |
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The Future of Metagenomics

* Applications:

— WGS metagenomics in the clinic for anaerobic infections
and high risk patients (NICU etc.)

— Surveillance: bioterror agents and epidemiology

e Methods:

— Single cell, Hi-C, and long read sequencing

— Computational challenges
* Species level binning of large datasets
* Plasmid analysis (antimicrobial resistance genes)
* Going from associations to specific mechanisms

* Functional analysis



Part ll:

Genetic Privacy
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What are microsatellites

* Tandemly repeated sequence motifs
— Motifs are | — 6 nt long

— So far, min. 8 nt length, min. 3 tandem repeats for our analyses

* Ubiquitous in human genome

— >5.7 million uninterrupted microsatellites in hgl9

* Extremely unstable

— Mutation rate thought to be ~10-3 per generation in humans
* Unique mutation mechanism
— Replication slippage during mitosis and meiosis

* May be under neutral selection

cCTCTCTCTCTCTCTCTCTCTCTCTCa =» (CT)43 tCAACAACAACAACAACAACAAa = (CAA),

tTTGTCTTGTCTTGTCTTGTCTTGTCTTGTCc =» (TTGTC),  cCATTCATTCATTCATTa =» (CATT),

Microsatellites: Simple Sequences with Complex Evolution
Ellegren (2004) Nature Reviews Genetics. doi:10.1038/nrgl 348



Replication slippage

* Out-of-phase re-annealing

— Nascent and template strands Expansion:
dissociate and re-anneal out-of-phase 3
. ) O
* Loops repaired by mismatch —_—
repair machinery (MMR) WE SRR R R
— Very efficient for small loops ’
— Possible strand-specific repair Contraction:
* Stepwise process o e e
— Nascent strand gains or loses full ‘1_*2"‘4_‘5_‘6_‘7_‘8_‘9_‘5
repeat units O

— Typically single unit mutations

* Varies by motif length, motif
composition, etc.

Microsatellites: Simple Sequences with Complex Evolution
Ellegren (2004) Nature Reviews Genetics. doi:10.1038/nrgl 348



lobSTR Algorithm Overview

Sensing ') Alignment -> Allelotyping

1. Sensing \ 2. Alignment
Detact mformitwe STR reads Anchor flanking regions to reference

ACGGCTAGCGTGTGTGTGTGTGCACAGAGT ACGGCTAGC _GTGTGTGTGTGT GCACAGAGT

Determine repeat unit Return # repeat units

\ ¥

GT GTx 6
3. Allelotyping
Determine maximum likelihood GTx 6
allelotype at each STR locus GTx 8

lobSTR: A short tandem repeat profiler for personal genomes
Gymrek et al. (2012) Genome Research. doi:10.1101/gr.135780.11 |



Why should we care about
microsatellites?

* Polymorphism and
mutation rate variation

e Disease

— Huntington’s Disease

— Fragile X syndrome

— Friedrich’s ataxia

* Mutations as lineage

— Organogenesis/embryonic
development

— Tumor development

Phylogenetic fate mapping
Salipante (2006) PNAS. doi: 10.1073/pnas.0601265103 30
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Genealogy Databases

ysearch

-
o) SORENSON MOLEOLAR
G4 NEALOGT FOUNMDAY MON

CORIELL
GENETICS Crrr REPOSITORIES

Genealogy Databases Enable Naming
Of Anonymous DNA Donors



Surname Inference

Whose sequence
reads are these?

S

Identifying Personal Genomes by Surname Inference
Gymrek et al (2013) Science. doi: 10.1126/science.1229566



Step |.Profile Y-STRs from the individual’s
genome.
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The human reference genome contains 16 copies of “TTTC". Venter has an extra
copy of “TTTC", giving him a genotype of “17” at this marker. In a similar way, we
can profile all other genealogical STR markers on the Y-chromosome where we
know Venter's genome sequence to get the value of a whole panel of these

markers.



Step 2. Search for a surname hit in online

genetic genealogy databases.
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Step 3. Search with additional metadata to
narrow down the individual.

We enter the search information: Venter, CA, and 66:

Tell Us Who You're Looking Forl
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Surname Inference

It's Craig Venter!

 ——

Identifying Personal Genomes by Surname Inference
Gymrek et al (2013) Science. doi: 10.1126/science.1229566



Possible route for identity tracing

e Tracing attacks
o DR SRS combine metadata and
R “ surname inference to
bic o = = \ O @ it triangulate the identity
o St of identity of an unknown
0 individual.

3
0

!
0

aneeina | @ With no information,
there are roughly 300
million matching

g, et dividuals in the US,
equating to 28.0 bits of
entropy.

US population: ~313.9 million Py
individuals e Sex reduces entropy

by 1 bit, state of

log, 313,900,000 = 28.226 bits residence and age
Sex ~ 1.0 information bits reduces to 16,
log, 156,950,000 = 27.226 bits successful surname

inference reduces to
~3 bits.



The risks of big data!’
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Predicting Social Security numbers from public data

Alessandro Acgquistl® and Ralph Gross
Camegie Mellon Univerwty, Pittsburgh, PA 15213
Communicated by Stephen £ Fenberg, Carmegie Mellon University, Ptaburgh, PA May S 2009 (received for review Jarnsary 14 2008)

Information about an Individual's place and date of birth can be  number (SN). The SSA openly provides information about the
exploited to predict his or her Social Security number (SSN). Using  peocess through which ANs, GNs, and SNs are issued (1). ANs
only publicly available information, we observed a correlation  are currently assigned based oo the zipcode of the mailing
between individuals’ SSNs and their birth data and found that for  address provided in the SSN ;pphauonlofm‘RMmmlONl
younger cohorts the correlation aliows statistical inference of (1), Low-popalation states and certain U.S.

posscssions arc
peivate S5Ns. The inferences are made possible by the public  jllocated | AN cach, whereas ather states are allocated sets of
avalability of the Sockal Security Administration’s Death Master AN (for inctance an individual anedving from a zincode within

e

Fille and the widespread accessibility of
medtiple sources, such as data brokers or W v .
s o o g ncins ' publish on social networking sites (10). Using this method, we
ks assecioned with imtormason oo s ddentified with a single attempt the first S digits for 445 of DMF
records of deccased individuals born in the US. from 1989 1o
=gk 2003 and the complete SSNs with <1000 attempts (making
Pl sight anid rnnsactions that ety on el SGNg akin 1o 3-digit financial PINs) for 85% of those records.
e I e e e Extrapolating to the U.S. living population, this would imply the
e e s e potential identification of millions of SSNs for individuals whose
o oy woes i b birth data were available, Such findings highlight the hidden
ol g g Y Ao privacy costs of widespread information dissemination and the
complex interactions multiple data sources in modern
information economics (11), underscoring the role of public
records as brecder documents (12) of more sensitive data.

SOCI0r entitics also have atlcsapiod 1o strengt

Mdenany thett | onfine social networks | privacy | sat

their consumers” and employees’ data (7)." H
have already left the bam: We demnonstrate




Genomic Futures?

The rise of a digital immune system
Schatz & Phillippy (2012) GigaScience 1:4



Avoid

* New lllumina/PacBio base callers

Computational Research Landscape

* Entirely new genome assembler from scratch

Good

* Alignment/Assembly/Analysis methods robust to errors, polyploidy, aneuploidy
* Use insights from long-reads to improve analysis of short-reads

Best

* Synthesis of large numbers of samples (“pan-genome assembly”)
and/or multiple data types (“multi-omics”)
* Prioritization and interpretation of variations
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Computational Research Landscape

neuploidy




