| | W& !l
e Y I BE BT &i]ﬁumm
wit gy ﬁ;ﬁ ¥ IF-lII\
ga;uhﬁwl e e

Probing the Medical  gaizi= e,
Microbiome

Iy
UG g e ] LE
-

George Weinstock
Jackson Laboratory for Genomic Medicine
Farmington, CT

International Conference on Clinical Metagenomics
Geneva
October 13, 2016

\/ox The Jackson
Laboratory

Leading the search
for tomorrow’s cures




Studying microbiomes
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16S rRNA Targets Full-length Is better
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PacBio full-length 16S rRNA sequencing
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V1-V3 Bacteroides Abundance

Species level Is very important
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Top 10 P. acnes ribotypes
Subspecies level is very important

Full-length Sanger sequencing of >31,000 16S rRNA gene clones to define ribotypes

Percentage Percentage
Nucleotide changes Number of  Number of of clones of clones

Ribotype from RT1 subjects clones from acne from normal p-value
patients® individuals’

RT1 - 90 5536 48% 52% 0.84
RT2 T854C 48 1213 51% 49% 0.36
RT3 T1007C 60 2104 40% 60% 0.092
RT4 G1058C, A1201C 23 275 84% 16% 0.049
RT5 G1058C 15 205 99% 1% 0.00050
RT6 T854C, C1336T 11 262 1% 99% 0.025
RT7 G529A 10 188 99% 1% 0.12
RT8 G1004A, T1007C 5 239 100% 0% 0.024
RT9 G1268A 4 68 99% 1% 0.29
RT10 T554C, G1058C 5 61 100% 0% 0.024

\/’X THE JACKSON LABORATORY
S. Fitz-Gibbon et al, J. Invest. Derm. 2012




Detection of single nucleotide
variation using PacBio CCS
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Detecting organisms of interest
with mouse models
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C. difficile mouse model
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C. difficile mouse model

Treatment by fecal microbiota transplant (FMT)

or a mix of 4 gut bacteria
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Humans: What's Normal?
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Prevalence

Prevalence of nasopharyngeal
bacteria from birth
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Don’t Forget the Virome

THE JACKSON LABORATORY
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Viruses detected in nasal RNA samples
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0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 Simian virus 40
0 0 0 2 0 10 0 0 0 0 0 7 13 0 0 Tomato mosaic virus
14 0 0 0 1 0 0 12 4 19 12 1 0 0 0 uncultured marine virus
31 53 9 13 61 Zefoclop 122123 106193 98965 54 805 8 17 3 11 Total Virus
963242 907600 550172 578187 | 850450 2212367 EeW/EHN 918368 1290334 |1490989 2567199 1071595 846700 847331 1344433[Total Reads

Sick Healthy

THE JACKSON LABORATORY 18




Relative abundance %
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t(stool.pct)

Stool bacterial changes during viral infection
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Back to Technology:
Solving the Gnarly Genomes
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Piperacillin -Tazobactam (TZP)

® T/ZP broth microdilution and agar dilution produced
different results

Piperacillin: B-lactam antibiotic, inhibits cell wall synthesis.
Tazobactam: inhibits bacterial B-lactamase (encoded by bla)

® T/ZP-resistant E. coli have a bla;g,,.; gene

Tazobactam should inhibit the B-lactamase.
Why not?
Over-expression of bla gene?

High plasmid copy number leads to high bla copy number?
Efflux or porin alterations?

Shubert C, et al., Antimicrobial Agents and Chemotherapy, March 2014
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Estimate bla and plasmid copy #

JAXID

J05301
J05302
JO5303
J05304
JO5305
J05306
J05307
JO5308
JO5309
JO5310
JO5311
J05312
JO5313
J05314
JO5315
JO5316
J05317
JO5318

vX

BMX ID

907355
907355
907355
907357
907357
907357
907402
907402
907402
907700
907700
907700
907701
907701
907701
908524
908524
908524

Antibiotic
Conditions
None
TZP (4/4 ug/ml)
TZP (8/8 ug/ml)
None
TZP (4/4 pg/ml)
TZP (8/8 pug/ml)
None
TZP (4/4 ug/ml)
TZP (8/8 ug/ml)
None
TZP (4/4 pg/ml)
TZP (8/8 pug/ml)
None
TZP (4/4 pg/ml)
TZP (8/8 pg/ml)
None
TZP (4/4 pg/ml)
TZP (8/8 pug/ml)

Copy # (Estimated compared to MLST coverage)

bla (lllumina) bla (PacBio) Tral
10.61 11.98 1.01
53.91 46.13 1.50
96.78 90.42 1.15
7.94 9.30 0.66
64.67 55.23 1.09
59.83 41.23 1.13
12.15 11.60 1.14
44.85 58.01 1.50
79.98 47.23 1.63
1.80 2.63 0.77
34.48 45.22 1.61
76.06 39.92 1.62
0.83 1.58 0.73
4.47 6.13 4.19
6.13 7.75 5.72
1.13 0.39 0.00
8.48 1.92 0.00
5.42 2.53 0.00
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907355, 0 ug/ml TZP, lllumina data:

bla-containing transposable element

10kb

Skb

Annotation based on E. coli UMNO26 homology

lllumina reads suggest tandem-repeats

24
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PacBio reads supporting
tandem resistance transposon

Repeat Repeat
in silico 3x repeat: boundary boundary




Oxford Nanopore finds longer tandem
repeats: but is that all?

Align MinlON reads to 8x tandem repeat transposon sequence

8x transposons

® Longest tandem repeat:

No Antibiotic strain = 2
8 ug/mL TZP strain =5

\/.x THE JACKSON LABORATORY




Where Is the transposon located?
Finding junction fragments (or SVs)

“junction fragments”

More than one location?

In chromosome as well as plasmid?

Algorithms
evolving for
ONT, PB, ILMN

THE JACKSON LABORATORY 27




Population Heterogeneity

® Transposon- interrupted genes

tral
astB
araJ

® \Whole plasmid inserted in genes

waaP
Mer operon

® |llumina: can find examples of these genes without
apparent breaks => heterogeneity

\IOX THE JACKSON LABORATORY
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