33240891 33240901 33240911 33240921 33240931 33240941 33240951 33240961 33240971 33240981 33240991
INNNNNNNNNNNNNNNNNNNNNNNNNNNN -
JAATTTCATTTGTATTATCCCTCTTCCTA CAAACACACTGTCCGCAGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTGTTTTCTTTCCTGCAGTAAGCATCCATGTCTTCACTGTT

\AATTTCATTTGTATTATCTCTCTTCCTAXCATACAC TGTCCGCAGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTG C TCCTGCAGTAAGCATCCATGTCTTCACTG
\AATTTCA ATTATCCTTCTTCCTAXTATACAC TGTCCGCAGACGCACTCTCCATTGTTACTGCAGAT CTGAACTG CTTTCCTGCAGTAAGCATCCATGTCTTCACTG
\AATTTCA ATTATCCCTCTTC «CTAATAC tgtccgcagacgcactctccattgttactgcea ctgaactg ctttcctgcagtaagcatccatgtcttcactg
\AATTTCA ATTATCCCTCTTCCTAXCTAATACACT CCGCAGACGCACTCTCCATTGTTACTGCAGAT CTGAACTG CTTTCCTGCAGTAAGCATCCATG CACTG
aatttcatttgtattatccctettcctakcaaacacactgtccgca ACGCACTCTCCATTGTTACTGCAGATTTCTGAAC C CC GCAGTAAGCATCCATGTCTTCA G
\AATTTCATTTGTATTATCCCTCTTCCTAKCAAACACACTGTCCGCAG cggagtctccattgttactgcagatttctgaa G C CTGCAGTAAGCATCCATGTC CTG
\AATTTCATTTGTATTATCCCTC AxCAAACACACIGTCCGCAGAL cactgiccattgttactgcagatttctgaactg ctttqgetgcagta GCTCCATGTCTTCACTG
2 ATTTCATTTGTATTATCCCTC CAS Gﬁ Me ta\ eﬂomlm AAGCATCCATGTCTTCACTG
\A CATTTGTATTATCCCTC é Ay g aagcatcc GTCTTCACTG
\A CATTTGTATTATCCCTCTTCCTAXCAAACACACTG CCGCAGACGCAC CTCCATTGTTACTGCA CTGAACTG CTGCAGTAAGCATCCATGTCTTCACTG
\AATTTCATTTGTATTATCCCTCTTCCTAXCAAACACACTGTCCGCAGACGCA tctccattgttactgcagatttctgaactyg C CTGCAGTAAGCATCCATGTCTTCACTG
aatttcatttgtattatccctcttecctakxcaaacacactgtccgcagacgcac CTCCATTGTTACTGCAGATTTCTGAACTG C CC GCAGTAAGCATCCATGTCTTCACTG
aa ttcatttgtattacccctcttacaakxcaaacacactgtccgcagacgcactctccattgttactgcagatttctgaactyg ctttcctgcagtaage CCATGTCTTCACTG
188 ATTTGTATTATCCCTCTTCCTAXCAAACACACTGTCCGCAGACGCACTCTC gttactgcagatttctgaactg c gcagtaagcatccatgtcttcactg
qaattte GTATTATCCCTCTTCCTAXCAAACACACTG CGCAGACGCACTCTCCATTGTTACTGCAGA aac ctttactgcagtaaacatccatgtcttcactg
qaatttca ttgtattatccctcttcctakxcaaacacactgtccg AGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTG CTTTCC GTAAGCATCCATGTCTTCACTG
aatttca ttgtattatccctcttcctakxcaaacacactgtccg agacgchigem ct actg ctttcctgcagtaagcatcca CACTG
\AATTTCAT tgtattatccctcttcctakcaaacacactgtc gcagacgce - 4 gaactg ctttcctgcagtaagcatccat CTTCACTG
\AATTTCATT gtattatccctcttcctakcaaacacactgtcc cagacgcactctccattgttactgcaga ¢ aactg C cctgcagtaagcatccatg CACTG
\AA CA a atccctc cCtakcaaacacactatcca agoacacactctcca actactacaaa C acta C cctacaataaacatccata cacta

Christopher E. Mason
Associate Professor
Department-of Physiologyand:Biophysics:&
The Institute for Computational Biomedicine at the
Weill Cornell Medical College and the
Tri-Institutional Program on:Computational Biology:and Medicine
Fellow of the‘Information Society Project,:Yale Law School
June 20t 2015
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Extract DNA (n=1,457 samples)

h8

96-plex TruSeq/Qiagen Libraries

&

1. Swab(3 mln) 2. Annotate
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10 billion 125x125 DNA Fragments

15

Quality Trim (Q20)

L2

MegaBLAST-LCA alignment

Confirm with MetaPhlAN
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Half of the world
under our fingertips is unknown

Pseudomonas Density




Species diversity varies
by area of the city

Hurricane-Floode

/A ,2"Sp'e:\t\:\iﬁ'c species
: 2y I . “\" 10 ,//,

Enterococcus faecium Staphylococcus aureus Pseudoalteromonas haloplanktis

Afshinnekoo et al., Cell Systems, 2015



We can detect humans’ “molecular echo”

A B C
Admixture Proportion: ‘ Asian ‘-Black ‘-Hispanic . White

Calculated Ance:
P00214 - 59th St-Columbus Circle

P00070 - Newkirk Av.
P00553 — Canarsie - Rockaway Parkway
P00308
P00369 -~ Christopher St
S | | N —

P00245 - 66th St-Lincoln Center
P00274 - 34th St - Harold Square
771 - Flushing Av

P00271 - Times Square—42nd St
P00246 - 66th St-Lincoln Center
P00211 - Times Square—42nd St

Census Demographic data DNA Ancestry Calculation
3 100 - s =

5

Deviation

Ancestry Mapper Genetic Match

P00401 — Metropolitan Av
P00555 — Grand Army Plaza

P00306 - 34t
P00182 - Atiantic Av-Barclays Ctr
P01488 - 79th St
P01400 - Kings Highway
P00310 - Ganal St

Spanish ||

Tuscan
European-Utah ||

Mexican |

Yoruba

Luhya

Finnish
Han South China |
Japanese ||

Han Chinese (Jif]
Colombian

Puerto Rican

P00600 -
P00405 -~ Long Island Gity-Gourt Square
P01017 - Howard Beach

P00575 - 49th St

P00128 - Metropolitan Av

P00073 - AV J

P00302 - 59th St-Columbus Circle
P00132 - Fresh Pond Rd

P00205 - 7th A

P00064 — Church Av-

P00179 - Grand St

P00379 - Ditmars Bivd

Sample = @ P00553

D E
Census Demographic data DNA Ancestry Calculation

kS

African American

P00991 - Beach 25th St

P00049 - 14th St-Union Square
P00586 - Astor Place

P00056 — 8th Av-

P00046 — 68th St-Hunter College
P01474 — Ocean Parkway
PO0171 - 125th St

PO1613 - 31d Ave —149st
P00187 — Fort Hamitton Parkway
PO1467 - AVM

P01469 - AvU

P01360 - Pelham Bay Park -
[P00749 — Astoria Blvd-Hoyt Av
P01380 - 86th St:

-

Stations

TR i AT

Ancestry Mapper Genetic Match

P00135 - Broadway Junction-East New York-
P00354 - Tottenville

European-Utah I ]

© ©®ccccC £ £ oo Occ
P00244 - 721 St 2 >0 08 ® R R = B B R
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P00032 - Jackson Heights-Roosevelt Ave
P00403 - 21st St

P00791 - 155th St

P00705 - 207th St

P00034 - Grand Av-Newtown

P00567 - Pennsylvania Avenue

PO1461 - Gortelyou Rd

DNA Ancestry Calculation

POOT
PO1611 - 31d Ave ~149st
P00510 - 2331d St
PO0167 - 168t St
PO1602 - Bedford Park Bivd - Lehman College
P00332 - 231d St.
P01046 — Rockaway AV
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Ratio Sample = @ P00247
Afshinnekoo et al., Cell Systems, 2015



Evidence of live & antibiotic resistant
bacteria

Bacterial Growth from Subway Station Samples on Antibiotic Plates

Sample1 Sample2 Sample3 Sample4 Sample5 Sample6

63 St. 63 St. 68 St. 96 St. 77 St 77 St
LB + kanamycin growth no growth  no growth  nogrowth nogrowth no growth
LB + chloramphenicol no growth nogrowth nogrowth nogrowth nogrowth no growth
LB + ampicillin growth no growth  growth one colony no growth  growth
LB growth growth growth growth growth growth

LB and
kanamycin

LB and

LBand
ampicillin

Afshinnekoo et al., Cell Systems, 2015



Metagenomics reveals the likely source of
Tetracycline resistance (TetK) on both media

LB
Media

tet Genes’ Coverage Ratio (Tetracycline +/-)

Log, Gene Coverage

(Tetracycline + /-)

AN RPRORNWLM

ntibiotic resistance genes

M LB Media

TSA Media
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We focused on the red, high confidence

parts. Still matched >15,000 species
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THE WALL STREET JOURNAL. = ' us.

HEALTH POLICY

Big Data and Bacteria: Mapping the New York Subway’s DNA

Scientists in 18-Month Project Gather DNA Throughout Transit System to Identify Germs, Study Urban Microbiology

Ehe Washington Post

Morning Mix

From beetles to bubonic plague: Bizarre
DNA found in NYC subway stations

POPULAR SCIENCE

TRACES OF BUBONIC PLAGUE AND DYSENTERY
FOUND IN NEW YORK’S SUBWAY SYSTEM

BUT DON'T THROW AWAY YOUR METROCARD JUST YET

By Lydia Ramsey Posted February 5, 2015
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Global
Context



Site

6

7

8

10

11

12

13

14

15

16

www.metasub.org

City Details Site Principal Investigator
. Total # Transit System Riders / year . University /
Status Cit Countr Population (people Department Contact PI
" " untry Stations Length (km) (billions) pulation (people) P Institute
Beijing Children' Capital Medical
Ongoing Beijing China 318 527 3.387 eune _l rens ap! é e' ca Yongli Guo
Hospital University
South G Standard
Planned Seoul ou I 377 464 2.563 -17,909 enome Standards Macrogen  Changhoon Kim
Korea Consortium
Ongoing Shanghai China I 337 548 2.519 _ Personalized Genomics Fudan University Leming Shi
Need PI Moscow Russia EQG 328 2.491 -3,501 TBD TBD TBD
Department of . . .
Planned Tokyo Japan 295 316 2.351 502 . . Tohoku University  Haruo Suzuki
Integrative Genomics,
Sun Yat-sen
(0] i G h Chi 130 240 2.280 800 Syst Biol Zhi Xi
ngoing uangzhou ina |:| - ystems Biology University i Xie
. . Physiology and Weill Cornell amstopher
(0] New York Cit USA 468 436 1.708 ,405,837 . ; )
Tl W Y - Biophysics Medical College Mason
National Institute of IANPHI Mexico  Jesus Martine
Planned | MexicoCity  Mexico 95 27 1.685 -,851,080 lonarinsttd X . inez
Public Health Secretariat Barnetche
C ter Sci d
Ongoing Hong Kong China |:| 87 175 1.618 - 7,219,700 allty e.r uetnce an City University Patrick Lee
Engineering
Uni ity Pi
Planned Paris France 303 214 1.527 2,273,305 Analytical Genomics mversn'y |erre Hugues Richard
et Marie Curie
Infecti Di
Planned London UK I 270 402 1.261 -,615,246 NTEctious DISE3Se | nperial College  David Aanensen
Epidemiology
. . Genomic and Centre for |
Ongoing Barcelona Spain 131 178 1.036 4,576,394 . . . . Stephan Ossowski
Epigenomic Variation Genomic
Biochemist d P Ivani
Planned Singapore Singapore 113 153 0.922 - 5,399,343 lochemis ryan ennsy.vanl..a\ Stephan Schuster
Molecular Biology State University
Geneti d Uni ity of S Hout
Ongoing Sdo Paulo Brasil 65 75 0.921 5,893 _e,ne 'cs ar? nIversity of sao outan
Bioinformatics Paolo Noushmehr
Harvard School of Curtis
Ongoin Boston USA 51 61 0.166 4,180,000 Biostatistics .
going :| :| . ! st Public Health Huttenhower
. . Computational University of .
Ongoing Sydney Australia 7 15 4,576,394 . Aaron Darling
Metagenomics Technology




Extreme
Context



www.extrememicrobiome.org

Web Slice Gallery Apple Yahoo! Google Maps YouTube Wikipedia News ¥ Popular ¥ Bing Google Yahoo

Xweme Microbiome PEOPLE PROJECTS METHODS COLLABORATORS LINKS CONTACT

Finding new genes
From the strangest organisms
In the strangest places

The eXtreme Microbiome Project (XMP) is a scientific effort to characterize, discover, and develop new pipelines and
protocols for extremophiles and novel organisms. It was initiatied as part of the Association of Biomolecular Resource

Facilities (ABRF) Metagenomics Research Group (MGRG) in 2014 as a consortium of microbiologists, geneticists,
oceanographers, and bioinformaticists.

What makes XMP different from other microbiome projects? Click Here.

http:/www.extrememicrobiome.org
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Hourly dynamics of a populated kiosk
are far more heterogeneous

15:00
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10:0

Afshinnekoo et al., Cell Systems, 2015
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http://www.pathomap.org/2015/02/05/gc-timecourse/ Afshinnekoo et al., Cell Systems, 2015
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Metagenome of building materials throughout construction and human
occupancy can change

dry wall

o

@ brick
O ® sglass

o

o

metal

wood

24



# of Data Fields (taken from the NYC layer of the app), also using input from the

Catgor
Bary Fields Open Source Building Science Sensors (OSBSS) metadata

(Yo

Surface Composition Metal, Wood, Plastic, Ceramic, Metal, Leather, Concrete, Glass, Other

Surface Type 8 Kiosk, Turnstile, Bench, Railing, Handrail, Garbage Can, Payphone, Other
Surface Porosity 3 Hermetically sealed, Porous, Absorbant
Cleaning Frequncy 1 Frequency per day
Cleaning Type 1 Text for detergeny or methods used
Human Activity 3 Video, IR, and observational estimates of # of people
Surface Location 3 Floor, Middle, Ceiling
Air flow 2 Speed and filter type
Air vents 3 Number of input and output vents
Subway Lines 22 1,2,3,4,5,6,7,A,C,E,B,D,F,M,G,J,Z L S,N,QR
Subway Stations 468 Auto-complete from Form
Subway Car Position 3 First Car, N+1 Car, Last Car
Train ID 1 Train# 4673
Temperature 1 Range from -50°F to 150°F
Humidity 1 Range from -50°F to 150°F
Taxi Surfaces 6 Back seats, Front Seats, Divider, Door, TV monitor, Other
Airport Surfaces 5 Door Railing, Screen for Check-In, Escalator Railing, Seats, Bathroom Handles
Park Surfaces 9 Bench, Handrailing, Water Fountain, Slide, Monkey Bars, Swings, Trash Can, Lamp Post, Other
Bus Surfaces 5 Front Door, Back Door, Seat, Rail, Other
Traffic 3 High, Medium, Low
Audio 3 Record, Play, Delete
Manual Time Entry 1 Time-stamp back-up field
Photograph 1 iOS or Andriod-based




Integrate all molecular and technical data
into a “smart city” and then a “smart globe”

with Center for Urban Science and Progress (CUSP) in NYC

. Bus station
Public X
Hosoital public
ot pita restroom/
Zn ranc i park bench
. observator
banister v*
&
5 2x5 10x 5 10 285
4 ) N ’
10x5 10 5 ) 2x5 5 10 285
YUK AUX
3 4
10x5 10 5 5 2x5 5 10 285
50x 10x
3 4
10x5 10 5 5 2x5 5 10 285
50x 10x
10x5 3 10 5 5 2x5 4 5 10 285
#samples 559 50 25 25 50 25 50 142
50x 10x 5



Global Collection Status

v/—_- 1 3
@» «) pathomap.giscloud.com
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North
Pacific
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EOOZIE
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pmvolunteer
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pmvolunteer
pmvolunteer
pmvolunteer

pmvolunteer

| 10 ~] 44

South
Pacific
Ocean

car_location

1 17422

9 Q @ &8 = 11147914678 §  10293928.9316, 1291480.0299 \
A
[ Finland
: L\

Iceland Sweden } D,

Russia L

Canada = (/
2108 So
SEARLR - Kazakhstan ~
e |
o) U"'.’s".'“ ‘ o North J ! Pl
i |
g LS A
Mexico ) :
<1 | Niger :
L . _7_75(;" d :
T o) Veg)gzuel\a 3 I\]\N'Qsﬂ:'"; - :
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V= P CONggI B 4 Papua New !
C s T Atanzahia inea AN
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Y or amibia -~ . ndian
\ 8 |/ Madagascar
SIS ‘ South Sotswans) Ocean Australia
Chile LD . N G o
| . Atlantic ; )
§ » Ocean South Africa
¢
/ Argentina New
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i ’
) s
CREATED Sample Number Place Surface type Place name Subway Line Subway Station Subway station s Subway c
12/8/2014 4:0... 184 sub_line Ceramic G Fulton St Other
8/4/2014 3:37... P1402041 sub_line Ceramic L train floor L
12/8/2014 11:... 161 sub_line Ceramic N 86th St
12/8/2014 1:3... 176 sub_line Ceramic G Fort Hamilton ... Other
11/3/2014 9:5... f150074 sub_line Ceramic 86th st D 25th Av Other
11/30/2014 9:... F140236 sub_line Ceramic E Queens Plaza Other
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