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IAATTTCATTTGTATTATCCCTCTTCCTA CAAACACACTGTCCGCAGACGCACTCTCCATTGTTACTGCAGATTTCTGAACTGTTTTCTTTCCTGCAGTAAGCATCCATGTCTTCACTGTT

LAA CA GTATTATCTCTCTTCCTA&CATACAC GTCCGCAGACGCACTCTCCATTGTTACTGCAGA CTGAACTG C CCTGCAGTAAGCATCCATGTCTTCACTG
LAA CA ATTATCCTTCTTCCTA®TATACAC GTCCGCAGACGCACTCTCCATTGTTACTGCAGA CTGAACTG CCTGCAGTAAGCATCCATGTCTTCACTG
WAA CA ATTATCCCTC AT A ccgcagacgcactctoga actgca ccC gca agcatcca cactg
~oSewers: Subways;‘and Space Sta tlen “Genetici
188 (o) ¥ &CA G
WAA CA GTATTATCCCTC CC AskCAAACACAC G.E,GCAG cg cCca gcaga ctgaa CCTGCAG AAGCA CCA C C [
LAA CA GTATTATCCCTC C gaﬂ a CCA -G CTTCACTG
3 A CA GTATTATCCCTC pgﬁ @ th‘s @ai & ey @G AAGCA CCATGTCTTCACTG
WA CA GTATTATCCCTCTTCCTAsCAMAC CCGCAGACGCAC CCATTGTTAC GC ctgaactg C gcagtaagcatce GTCTTCACTG
LA CA GTATTATCCCTCTTCCTA+CAAACACAC G CCGCAGACGCAC C CCATTGTTACTGCAGA CTGAACTG C CC GCAGTAAGCATCCATGTCTTCACTG
AR CA GTATTATCCCTCTTCCTA=CAAACACACTGTCCGCAGACGCA tctccattgttactgecaga ctgaactg C CCTGCAGTAAGCATCCATGTCTTCACTG
aa ca gtattatccctcttectakcaaacacactgtccgecagacgeag § “’A--G.qﬂﬂ [GCAGATTTCTGAACTG C CCTGCAGTAAGCATCCATGTCTTCACTG
188 ca gtattacccctcttacaakcaaacacactg ccgcagaﬁgcf o W LA akcHaH| ctgaactg C cctgcagtaagec CCATGTCTTCACTG
188 A GTATTATCCCTCTTCCTA+CAAACACACTGTCCGCAGALGERD Med m caga ctgaactg C gcagtaagcatccatgtcttcactyg
388 C GTATTATCCCTCTTCCTARCAAACACACTG CGCAGACGLELD (: AGA aac C actgcagtaaacatccatgtecttcactg
a8 ca gtattatccctecttoctakcaaacacactgteccocg AGACGCACTCTCCATTGTTACTGCAGA CTGAACTG C CC GTAAGCATCCATGTCTTCACTG
188 ca gtattatccctcttcctakcaaacacactgtccg agacgcactcjys caga c actg c cctgcagtaagcatcca CACTG
WAA CA gtattatccctecttoctakcanacacactgtc gocagacgcac ::::aga gaactg C cctgcagtaagcatcca CTTCACTG
LAA CA gtattatccctcttecctakcaaacacactgtcc cagacgcactctccattgttactgecaga c aactg C cctgcagtaagcatccatg CACTG
Christopher E. Mason, Ph.D.
Professor

Director, WorldQuant Initiative for Quantitative Prediction
Department of Physiology and Biophysics &
The Institute for Computational Biomedicine (ICB),
Meyer Cancer Center, Feil Family Brain.and Mind Research Institute,
at-Weill Cornell Medicine,
Affiliate, New York Genome Center (NYGC)
November 21,2022
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5 days ago

Weekly Recap From the
Expedition Lead Scientist

13 days ago

Biological Sciences on the

rnational Space

B

19 days ago

SAGE Il to Look Back at
Somsceen pug 25,2016
19 days ago
Weekly Recap From the First DNA Sequencing in Space a Game Changer

Expedition Lead Scientist
9 days ago For the first time ever, DNA was successfully sequenced in microgravity as part of the Biomolecule
Sequencer experiment performed by NASA astronaut Kate Rubins this weekend aboard the
\Weekly Recap From the International Space Station. The ability to sequence the DNA of living organisms in space opens a
Expedition Lead Scientist whole new world of scientific and medical possibilities. Scientists consider it a game changer.

24 days ago

DA, or deoxyribonucleic acid, contains the instructions each cell in an organism on Earth needs to
live. These instructions are represented by the letters A, G, C and T, which stand for the four chemical
bases of DNA, adenine, guanine, cytosine, and thymine. Both the number and arrangement of these
bases differ among organisms, so their order, or sequence, can be used to identify a specific
arganism.

Weekly Recap From the
Expedition Lead Scientist

a month ago




E spasmunkey
. spasmunkey

Great to see this team at work from training to

operations at "the dawn of genomics...in space”
#AstroKate

70 % RMAPEloRED

2:40 PM - 28 Aug 2016

¢ Houston, TX
&L You, Aaron Burton, Kristen John and 3 others

3 4 v 12
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ne first genome sequence and assembly
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B Altmetric: 171 More detail »

Article | OPEN

Nanopore DNA Sequencing and Genome
Assembly on the International Space
Station

Sarah L. Castro-Wallace, Charles Y. Chiu, Kristen K. John, Sarah E. Stahl, Kathleen H. Rubins, Alexa B.
R. McIntyre, Jason P. Dworkin, Mark L. Lupisella, David J. Smith, Douglas J. Botkin, Timothy A.
Stephenson, Sissel Juul, Daniel J. Turner, Fernando Izquierdo, Scot Federman, Doug Stryke, Sneha

Somasekar, Noah Alexander, Guixia Yu, Christopher E. Mason & Aaron S. Burton

Scientific Reports T, Article number: 18022 Received: 01 August 2017
(2017) Accepted: 11 December 2017
doi:10.1038/s41598-017-18364-0 Published online: 21 December 2017

https://www.nature.com/articles/s41598-017-18364-0



https://www.nature.com/articles/s41598-017-18364-0

The first space epigenome

v | Nature —
COMMUNICATIONS \. ——

Article  OPEN  Published: 04 February 2019

Single-molecule sequencing detection of
N6-methyladenine in microbial reference
materials

Alexa B. R. McIntyre, Noah Alexander, Kirill Grigorev, Daniela Bezdan, Heike Sichtig, Charles Y. Chiu &
Christopher E. Mason

https://www.nature.com/articles/s41467-019-08289-9 https://github.com/al-mcintyre/mCaller



Where on Earth can we use all these tools?



Battery of methods to learn about
a new virus & host response

Assay TAT Measurements and Metrics

Loop-mediated Isothermal 20-30 Polymerase and pH colorimetric output:
Amplification (LAMP) minutes COVID-19 presence/absence

Quantitative real-time 3.4 Two Primer Sets for COVID-19:
PCR (qRT-PCR) hours The E (envelope) and S (spike) genes.

Next-Generation cDNA Sequencing:

Capture/Amplicon 1-3 days Viral cDNAs, host cDNAs
meA Next-Generation cDNA Sequencing:
favey RNA- MeRIP- - : :
# Aliquot RNA 200ng NA-seq and Me 5¢4 I-3 days Non-coding Viral and host cDNAs; m°A
) . o
0,260 Direct RNA sequencing 0-2 days N?xt—Generatlon RNA Sequencz.ng.
G D Viral and host polyA RNAs (MinlON)
2
Frozen % . .
X © . . Bespoke Baits and Primers:
liquot Spatial O 1-
! lf((l):o R 3 days Virus, Host, and/or BCR/TCRs
banking




857 COVID-19 samples’ total RNA-seq
(63.2M 150x150 PE reads)

857 clinical specimens from

735 NYP-WCMC patients Assay Time Reagents Result
with known or suspected
SARS-CoV-2 infection Loop-mediated Color change representing
Isothermal 30-40 minutes One primer sextet level of SARS-CoV-2 )
= Amplification for SARS-CoV-2 E (envelope) and N (nucleocapsid)
(LAMP) gene in specimen
Two primer sets Ct representing
] qRT-PCR 3-4 hours for SARS-CoV-2 level of SARS-Cov2 E (envelope)
and S (Spike) gene in specimen
Swab RNA
R J extraction \ N Shotgun metatranscriptomes
Total RNA-seq 8 hours - Random Hexamers of all host and species
86 NYC 10ng 2 days RNA sequences in specimen
Subway
Specimens

1) 735 suspected COVID-19 patients:
COVID-19-POS, n=216
COVID-19-NEG, n=519

2) 86 Environmental (54 sites)

Grand Central
Times Square

3) 36 Controls
CP (Vero E6 Cells w/ SARS-CoV-2)
Twist Synthetic RNA (2 strains)
Negative Controls (TE buffer)

Butler et al., 2021,
https://www.nature.com/articles/s41467-021-21361-7



Mostly human, bacterial, viral RNA in the NP swabs

NC PC Env gRT-PCR Negative gRT-PCR Positive

q\ﬁhwm"w Y

\

Homo sapiens . Bacteria . Other Viruses Unclassified
I SARS-CoV-2 Fungi B Archaea

100%

75%

50%

% of reads

25%

0%

Butler et al., 2021



Co-infection is rare

urewoq

SARS-CoV-2 levels

None

Low Med High

l VTR V|
HMW“HMIHII“II

|
|| ||I||III| I

None

| ||||‘| ’| || ‘III

NGS (log10 SARS-CoV-2 %)
RT-PCR (Ct)

Subclass

Class

Bordetella parapertussis
Bordetella pertussis
Mycoplasma pneumoniae
Chlamydia pneumoniae

Human coronavirus 229E
Human respirovirus 3
Human orthopneumovirus
Influenza A virus
Influenza B virus
Enterovirus

Respiratory syncytial virus
Human mastadenovirus B
Human mastadenovirus C
Human mastadenovirus D
Enterovirus C

Rhinovirus A

Human metapneumovirus
Human coronavirus NL63
Human coronavirus HKU1
Rhinovirus C

Enterovirus J

Human rubulavirus 4
Enterovirus L

NGS (log10 SARS-CoV-2 %)
1
1

-4

RT-PCR (Ct)
_2 40

-3
15

-4
Subclass

f None

Medium
OtherVirallnfection

B High

Low
Class

Negative

Positive

Domain
Viruses
Bacteria

Butler et al., 2021



Confirmed by BioFire

Human coronavirus 229E
0.010000 —
0.001000 1
0.000100
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0.000001 1 commmmm
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< 0.001000 %
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Respiratory Viral Pathogen PCR Panel

LabResult

B3 Not Detected
B3 Detected

AUROC = 0.89;
Accuracy = 0.99;
Sensitivity = 0.76;
Specificity = 0.98,



Microbiome Disruption in High Titer Patients

SARS-CoV-2 levels

None

| "( i !'H i lmhh'n"llnllml' ||‘mmm|"|‘ I

||||' I
Type
Oral
Airways
Shared

NI (e
1 M ‘il HHII“ ||\ 1'

i !”'!\

IHII”I IIIH Illllll i l |

Low Med High None

NGS (log10 SARS-CoV=-2 %)
RT-PCR (Ct)

Subclass

Class

Serratia odorifera
Neisseria polysaccharea
Pasteurella dagmalis
Kingella kingae
Streptococcus constellatus
ia flavescens

sena cinerea
ssena lactamica
Actinomyces viscosus

treptococcus pseudopneumoniae
lebsiella pneumoniae
Staphylococcus aureus
Rothia mucilaginosa
Neisseria meningitidis
Streptococcus pneumoniae
Acinetchacter haemolyticus
Staphylocar h(rlllllh
Achromoba soxidans
Staphylococcus cdpm_,
Neissena elongata
Neissena mucosa
Gemella morbillorum
Gemella sanguinis

=",

Jonguetella anlhmﬂ
Parascardovia denticolens
Scardovia inopinata
Aeromicrobium marinum
Enterccoccus casseliflavus
Aggregatibacter actlnomycelemcomnans
Aggregatibacter aphrophil
Aggregatibacter segnis
Trepcnema denticola
Fusobacterium necrophorum
Leptotrichia goodfellowii
Leptotrichia hofstadii
Eikenella corrodens
Simonsiella muelleri
Campylobacter gracilis
Campylobacter Showae
Capnocylophaga ochracea
Fusobacterium periodonticum
Streptococcus intermedius
Streptococeus vestibularis
Filifactor alocis
Selenomonas sputigena
Veillonella parvula
Prevotella denticola
Prevotella melaninogenica
Streptococeus mitis
F 1sobacterium nucleatum
thro maonas gingivalis

Veillonella atypica
Veillonella dispar.
Prevotella dentalis
Capnoﬁylophﬁga gingivalis
Capnocytoph 'Trga sputigena
Enterococcus fascalis
Enterobacter hormaechei
Lachnospiraceae bacterium
Brevundimonas diminuta
4Iaemngh ilus aegyptius .
Corynebacterium matruchotii
Neissenia subflava
Lautropia mirabilis
Rothia acna

Lactobacillus salivarius
Streptococcus australis
Streptococeus cristatus
Streptococeus agalactiae
Streptococeus dysgalactiae
Streptococeus anginosus
Streptococcus sanguinis

Rothia dentocariosa
Gemella haemolysans
Streptococcus oralis
Streptococcus pyogenes
Prevotella oris
Streptococcus parasangumis

NGS (log10 SARS-CoV-2 %)
1 1

4
=1

RT-PCR (Ct)
]

-3
15
4
Subclass
None
Medium
OtherVirallnfection
Il Hign

Low

Class
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Type
Oral
Airways
Shared

Butler et al., 2021



The human response:

Host DEGs (g<0.01, >1.5-fold)
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Biological pathways feature familiar,
and some new networks (including heme, olfaction

Pathway

GO NEGATIVE REGULATION OF VIRAL GENOME REPLICATIONA

GO INTERFERON GAMMA MEDIATED SIGNALING PATHWAY -

HALLMARK INTERFERON ALPHA RESPONSEH
BOSCO INTERFERON INDUCED ANTIVIRAL MODULEA
REACTOME INTERFERON ALPHA BETA SIGNALING
GO RESPONSE TO TYPE | INTERFERON

GO DEFENSE RESPONSE TO VIRUSH

REACTOME INTERFERON SIGNALING
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REACTOME OLFACTORY SIGNALING PATHWAY -

GO CATION TRANSMEMBRANE TRANSPORTER ACTIVITY
GO PHAGOCYTOSIS

REN ALVEOLAR RHABDOMYOSARCOMA UPA

GSE9006 HEALTHY VS TYPE 1 DIABETES PBMC AT DX DN
GO IRON ION BINDINGH

GO EPIDERMIS DEVELOPMENT

GO HEMOGLOBIN COMPLEX
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Normalized Enrichment Score (NES)

Adj p-value
0.050
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LeadingEdgeSize
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Butler et al., 2021



- C & covidgenes.weill.cornell.edu e

COVID-19 Genes —

1 Information

Multi gene heatmap

lu  Single Gene Plot <
Heatmap
BB Multi Gene Heatmap <
z-score log(TPM) expression
All samples samples, ordered by By Subclass
Enter/Paste gene symbols (comma, J-score
space, new line separated)
| [ AN OO MV NGS (log10 SARS-CoV-2 %) [J] ¢ NGS (log10 SARS-CoV-2 %)
CEEE T A OMMUAVEIATY i RT-PCR (Ct) 1
[ R G G — —_——————— e Subolass
SIS A e e e - class 2
-4
0
‘ ‘ ‘ ‘ ACE2 RT-PCR (Ct)
40
I 2
¥ Pathway Enrichment < “ I 19
IL6 Subclass
None
Mﬁ%?@iral

& Settings < Infection
Illﬂgh
IFIT3 Low
Class
Negative
Positive
NegativeControl
SHFL PositiveContro
Environmental

https://covidgenes.weill.cornell.edu
Mad props to Dr. Cem Meydan bs:// . / Butler et al., 2021
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Assay TAT Measurements and Metrics
Swab |
' Loop-mediated Isothermal 20-30 Polymerase and pH colorimetric output:
Amplification (LAMP) minutes COVID-19 presence/absence
Quantitative real-time 3.4 Two Primer Sets for COVID-19:
PCR (gqRT-PCR hours The E (envelope) and S (spike) genes.
C JAmli Next-Generation cDNA Sequencing:
AL AT 1-3 days Viral cDNAs, host cDNAs
Next-Generation cDNA Sequencing:
— RNA- MeRIP- - : :
Aliquot RNA 200ng NA-seq and Me 5°4 I-3 days Non-coding Viral and host cDNAs; m°A
5 . o
0,260 Direct RNA sequencing 0-2 days N?xt—Generatlon RNA Sequencz.ng.
D Viral and host polyA RNAs (MinlON)
2
2)
2 : : :
e Spatial Omics 1-3 days Bespoke Baits and Primers.

Virus, Host, and/or BCR/TCRs



Spatial, High-Plex Protein & RNA Profiling (GeoMx) on 39 Autopsies (301 ROls)

Image slide and select @ UV-cleave oligos
Regions-of-Interest (ROIs) off antibodies in ROI

Rob Schwartz Alain Borczuk

Aspirate oligos
with microcapillary

. - Photocleaved
Stain slide oligo

with oligo-conjugated

" o
antibodies @ R
UV-photocleavable (‘/ R
oligo N

S sl

&/ C 75N

=

= @ Repeat for each ROI Dispense oligos
\ @ into 96-well plate

@ Hybridize and count \ S

Nanostring GeoMx W/

d
Hamine NGS g
=~

https://www.nature.com/articles/s41467-021-21361-7
https://www.nature.com/articles/s41586-021-03475-6



https://www.nature.com/articles/s41467-021-21361-7
https://www.nature.com/articles/s41586-021-03475-6

Covid21_High TMPRSS2 in both large airway and Alveoli

RNAscope

DNA
V-nCoV2019-S

Hs-TMPRSS2

https://www.nature.com/articles/s41467-021-21361-7
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Spatial mapping of cell types within ROIs reveals immune infiltration

COVID Patient 1 COVID Patient 2 COVID Patient 3 COVID Patient 4 Normal 1 Normal 2 Normal 3
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B macrophage
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fibroblast
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alveolar epithelial

Butler et al., 2021



Co-cellular organization map is also disrupted
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Assay TAT Measurements and Metrics
Swab |
' Loop-mediated Isothermal 20-30 Polymerase and pH colorimetric output:
Amplification (LAMP) minutes COVID-19 presence/absence
Quantitative real-time 3.4 Two Primer Sets for COVID-19:
PCR (gqRT-PCR hours The E (envelope) and S (spike) genes.
C Amli Next-Generation cDNA Sequencing:
AL AT 1-3 days Viral cDNAs, host cDNAs
Next-Generation cDNA Sequencing:
— RNA- MeRIP- - : :
Aliquot RNA 200ng NA-seq and Me 5°4 I-3 days Non-coding Viral and host cDNAs; m°A
5 . o
0,260 Direct RNA sequencing 0-2 days N?xt—Generatlon RNA Sequencz.ng.
D Viral and host polyA RNAs (MinlON)
2
2)
2 : : :
e Spatial Omics 1-3 days Bespoke Baits and Primers.

Virus, Host, and/or BCR/TCRs



B.1.17 variant (alpha)

Cell ¢? CellPress

N N 40
R 75, -
)

CellPress

S

Early introductions and transmission of SARS-CoV-2
variant B.1.1.7 in the United States

Tara Alpert,’-'> Anderson F. Brito,’-'> Erica Lasek-Nesselquist,**:'® Jessica Rothman,’-'> Andrew L. Valesano,*'°
Matthew J. MacKay,>:'® Mary E. Petrone,’ Mallery |. Breban,' Anne E. Watkins,' Chantal B.F. Vogels,' Chaney C. Kalinich,’
Simon Dellicour,®:” Alexis Russell,” John P. Kelly,” Matthew Shudt,?:® Jonathan Plitnick,* Erasmus Schneider,>:
William J. Fitzsimmons,* Gaurav Khullar,® Jessica Metti,” Joel T. Dudley,® Megan Nash,” Nike Beaubier,® Jianhui Wang,®
Chen Liu,® Pei Hui,? Anthony Muyombwe,® Randy Downing,® Jafar Razeq,” Stephen M. Bart,®'° Ardath Grills,°
Stephanie M. Morrison,’'? Steven Murphy,'! Caleb Neal,'’ Eva Laszlo,’’ Hanna Rennert,' Melissa Cushing,’?

Lars Westblade,'? Priya Velu,’# Arryn Craney,’“ Lin Cong,'? David R. Peaper,'® Marie L. Landry,’* Peter W. Cook,°
Joseph R. Fauver,'''® Christopher E. Mason,” ' Adam S. Lauring,*'® Kirsten St. George,> 15"

Duncan R. MacCannell,'%5* and Nathan D. Grubaugh'-'4.16.17.*

https://www.cell.com/cell/pdf/S0092-8674(21)00434-7.pdf
May 13, 2021



Passengers Inbound from the United Kingdom in December 2020
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FDA EUA Granted for SARS-CoV-2 NGS Assay &COVID-DX el

Q Search Bloomberg c B i ot i q
Business - ] o . * Agile team responded to COVID-19
Twist Bioscience and Biotia Receive U.S. pandemic, in 4 months partnered with
FPA Emer_g(_ency Use Authorization for Twist Bioscience, optimized kit, validated
First Hybridization Capture-Based Next- on clinical samples, built COVID-DX
Generation OBiotia ook software, and co-submitted to FDA for EUA

BIOTIA RUO TEST REPORT
March 24, 2021, 8:00 AM EDT

H *e Patient: Joe Doe Accession Number:123456-789-123
Twist Biosciem ( Biotia ‘
THIS ARTICLE First Hybridizi  BOTIA RUO TEST REPORT
s5sa
[ share SARS-CoV-2 NGS Assay

e Built and launched RUO version of the
product (launched Nov 2020). Being used
P : across Europe and in US labs to profile and
_Tﬁ.id-‘-z-.-ﬂﬁﬁ track genetic variants

W Tweet

in post

Q3IHONNV

LAUNCHED

Email

Author ion (EI
SARS-CoV-2 Next-i
This press relea:
https://waw.busii

. FDA EUA Granted (March 2021): 15t hybrid
capture-based NGS FDA EUA test; has both
diagnostic and research applications

Deep insight into virus
and genetic variants
User portal built and
connected to LIMS
with automated NY
reporting



Placement and frequency report:

c Biotiq Patient: POS-016 Accession Number: 14924
R BIOTIA RUO TEST REPORT
19B SARS-CoV-2 NGS Assay
H 20A
20E (EUL ORDERING SAMPLE PATIENT
e )
Institution: Johns Hopkins Medical ID: POS016 Name: POS-016
B 20A.EU2 Center Specimen Type: Nasopharyngeal DOB: 12/07/2020
20C Name: Joseph Barrows swab Sex: Female
Sy - T Address: 9601 Medical Center Collection Date: 12/07/2020 ID#/HN/MRN: 12345678
20HBOTE VD Drive Rockville MD 20850 Received By Lab: 12/07/2020
o 20G Phone Number: 2406784510 Run Date: 04/28/2021
20B Email: jbarrow6(@jhu.edu Report Date: 04/28/2021
_— 20F
20)/501Y.V3 THIS REPORT IS FOR RESEARCH USE ONLY
P2 s, o 20D
H 201/501Y.V1 DISCLAIMER: This research use only (RUO) report is only intended to be used for research and is not
d T W | S T intended to provide diagnostic results or guide treatment of patients. This RUO report is generated based on
W1 2.1 the SARS-CoV-2 NGS Assay, which is a qualitative, viral capture plus next-generation sequencing-based
— oTEST SAMPLE  of Clade SPeCiﬁC T assay built by Twist Bioscience and powered by Biotia COVID-DX (v1.0) software.
A -
Country Samples in Country
Malaysia 4.35% _ - 5 e o =
Canada 3.93% 3 3 g 3 é g %
- ° g 250 —
200
USA 3.52% 8 150
% i
Australia 3.52% g 53 i
8 SUTH [ 5 eAMEaRLNTUT
Singapore 3.31% 0T ||| T "ll]’ | AARLARALY M (A |l'l"| T nnrv‘ln ||1 T
&
Sri Lanka 3.1% E 02
Thailand 2.69% 2
% 04 —
Egypt 2.69% §
. 06 —
Republic of N §
2.48% 7]
the Congo § 08
Slovenia 2.48% ®
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Assay TAT Measurements and Metrics
Swab
' Loop-mediated Isothermal 20-30 Polymerase and pH colorimetric output:
Amplification (LAMP) minutes COVID-19 presence/absence
Quantitative real-time 3.4 Two Primer Sets for COVID-19:
PCR (qRT-PCR) hours The E (envelope) and S (spike) genes.
C JAmli Next-Generation cDNA Sequencing:
AEHLEE) T IO 1-3 days Viral cDNAs, host cDNAs
Next-Generation cDNA Sequencing:
— RNA- MeRIP- - : :
Aliquot RNA 200ng NA-seq and Me 5°4 I-3 days Non-coding Viral and host cDNAs; m°A
5 : -
0,260 Direct RNA sequencing 0-2 days N?xt—Generatlon RNA Sequencz.ng.
D Viral and host polyA RNAs (MinlON)
2
2)
2 : - :
& Spatial Transcriptome 1-3 days Bespole Baits and Primers.

Virus, Host, and/or BCR/TCRs



Loop-Mediated Isothermal Amplification (LAMP)

Forward outer primer —{iiEK}) {¥=¥® —Backward outer primer

: Target DNA
I o g 51 B 2 e o MO
5' W‘M_m_'w“i—'m- 3'

- F2 =3,
£

— Backward inner primer

Forward inner primer— <\

A fast (30-40min) and inexpensive (<S$5) RT-PCR assay for
targeted amplification of COVID-19 genes:

RNA—>cDNA->dsDNA
with Bst strand-displacing polymerase

Loop Mediated Isothermal Amplification (LAMP) from New England Biolabs: https://www.youtube.com/watch?v=L5zi2P4lggw | %&LNFWFMFLAVD
https://www.neb.com/protocols/2014/06/17/loop-mediated-isothermal-amplification-lamp B‘ . [ ! E SP



https://www.youtube.com/watch?v=L5zi2P4lggw
https://www.neb.com/protocols/2014/06/17/loop-mediated-isothermal-amplification-lamp

Colorimetric LAMP led to FDA-approval in partnership with
Color/Broad/Weill Cornell

FierceBiotech

Color gets green light for LAMP-based COVID-19
screening test

by Conor Hale | May 20, 2020 11:00am

To develop its tests for the pandemic, Color has been working with the Broad Institute of MIT and
Harvard as well as Weill Cornell Medicine. The company is also publishing its LAMP protocol (PDF)
for use by other laboratories.

https://www.fda.gov/media/138249/download



https://www.fda.gov/media/138249/download

Racine City Hall On-site Testin
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MIEEE BUSINESS CULTURE GEAR IDEAS SCIENCE MORE v SIGN IN SUBSCRIBE

#% CORONAVIRUS FADS FACE MASKS

GREGORY BARBER SCIENCE 87.23.2828 87:88 AM

ESSENTIALS HOW TO DISINFECT EVERYTHING

SYMPTOMS AND TESTING WHAT HAPPENS NEXT? NEWSLETTER LATEST NEWS

A Wisconsin City Experiments With a Faster, DIY Covid-19 Test

In a former boxing gym in Racine, firefighters are trying out a spit test that’s simpler and cheaper than PCR. Could it change how we screen
for the virus?

https://www.wired.com/story/a-wisconsin-city-experiments-with-a-faster-diy-covid-19-test/

Q


https://www.wired.com/story/a-wisconsin-city-experiments-with-a-faster-diy-covid-19-test/




What if we had been looking all along?



What if every lab could be a meth lab?



NGS on sewage in FL, WI, and NY

DEVELOPMENT AND PROOF-OF-CONCEPT IMPLEMENTATION OF THE SOUTH FLORIDA MIAMI RADX-
RAD SARS-COV-2 WASTEWATER-BASED SURVEILLANCE INFRASTRUCTURE

Award Number: U01DA053941
ORGANIZATION: NATIONAL INSTITUTE ON DRUG ABUSE

OPDIV: NIH
AWARD CLASS: COOPERATIVE AGREEMENT
AWARD ACTIVITY TYPE: SCIENTIFIC/HEALTH RESEARCH (INCLUDES SURVEYS)

Group Awards By Issue Date FY or Funding Fy: @ Issue Date FY Funding FY HIDE AWARD ABSTRACT

PROJECT SUMMARY The University of Miami (UM), with three primary campuses in Miami, Florida, is geographically spread within one of the worst current COVID-19 hotbeds. UM has deployed an elaborate human
surveillance testing, tracking and tracing (3T) system to monitor the student body, faculty, and staff. This 3T system includes a major hospital that is part of UM and that treats COVID-19 patients. To augment this
COVID-19 monitoring system, UM has deployed a pilot wastewater surveillance program for detecting SARS-CoV-2 from clusters of buildings on campus. Weill Cornell Medicine (WCM) is located in New York City,
NY, an area that until recently had one of the worst outbreaks of COVID-19. WCM has established an international consortium for SARS-CoV-2 environmental surveillance, including in NYC and globally with the
MetaSUB Consortium, which is creating metagenomic and metatranscriptomic maps of the world’s sewage. Based on this work at both UM and WCM, this proposal aims to develop, implement, and demonstrate
effective and predictive wastewater surveillance by optimizing sampling, concentration, and detection strategies. Working closely with the RADx-rad Data Coordination Center (DCC), this application (SF-RAD) will

https://taggs.hhs.gov/Detail/AwardDetail?arg_ AwardNum=U01DA053941&arg_ProgOfficeCode=114



SF-RAD: SARS-CoV-2 Wastewater-Based Surveillance

Project Leaders

Chris Stephan Helena George

Pls: Chris Mason, Stephan Schurer, Helena Solo-Gabriele*
Administrative Core: George Grills (co-I)

Administrative Support: Maria Robertson
SF-RAD LD @ WeGome!




Sample Analysis

35pl Acidify
p— oc43\'\fg 2 _(HCl)
U -lI:
mL — !_:l" ] J*
+ I -
i
- Vil
Basic water  10mLfor v \O/ ‘\Q/
quality in field fecal coliform
T, pH, SPC, DO, Turbidity i culture
M. Sharkey,

Center for AIDS Research, UM

S. Williams
Onco-Genomics Shared Resource, UM

C. Mason,
Integrated Genomics Lab, WCM/MetaSub

SF-RAD

Rapid Detection

!
! l l

TINY-LAMP | | LAMP V2G-qPCR| | RT-qPCR
¥
Rapid turn-around
Strain ID
\ )
|

Filter concentrates undergo further analysis via sequencing

Genomic Analysis

|
!

Deep Targeted Sequencing RNA-seq/

Direct RNA seq
I

Metagenomics
Epitranscriptomics

Strain Ide
(Confirm acrq

ntification
hss both labs)




SARS-CoV-2 Wastewater-Based Surveillance

Close correlation between the sewage and population metrics
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SF-RAD J ‘ OF MIAMI @ Medicine



Wastewater VOC Detection Methodology

1. Assign taxonomy to all reads and filter SARS-CoV-2 matches with kraken2
* Run using custom pan-kingdom DB
* Generate SARS-CoV-2 FASTQs leveraging seqtk

2. Align to Wuhan reference with bwa mem
e Sort and index alignment with sambamba

3. Trim primers with ivar trim using version-specific ARTIC BED file

* Get coverage statistics on trimmed BAMs

* bedtools genomecov for per-base coverage
* mosdepth for per-amplicon coverage

4. Call variants using hybrid approach with lofreq and ivar
* Take union of calls to avoid FNs and use mean DP/VAF per mutation call

Annotate mutations (assign gene, impact, amino acid substitutions) with VEP

6. Estimate relative VOC lineage abundances with Freyja



. sars_cov2 . fungi . archaea . not in database

Classification
. human . bacteria . other_viruses

20,000,000
15,000,000 -

10,000,000 -
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# Reads

2,000,000 -

1,000,000

1.00
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Fraction
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0.01

Weill Cornell
Medicine
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SF-RAD
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Fraction

Wastewater Variant Abundance
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Wastewater Variant Abundance
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Bacteria
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Xanthomonas euvesicatoria pv. alfalfae
Tolumonas auensis DSM 9187
Sphaerofilus natans subsp. sulfidivorans
Dechloromonas aromatica RCB
Roseburia intestinalis L1-82
Paludibacter propionicigenes \WWB4
Streptomyces lividans 1326

Prevotella ruminicola 23

Ramlibacter tataouinensis TTB310

Comamonas terrigena NBRC 13299

Bacteroides vulgatus ATCC 8482 00\1 5
Arcobacter nitrofigilis DSM 7299 1
Prevotella dentalis DSM 3688 0.5
[Eubacterium] eligens ATCC 27750 0

Fibrobacter succinogenes subsp. succinogenes

Prevotella sp. oral taxon 299 str. FO039

Sulfuritalea hydrogenivorans sk43H

Selenomonas ruminantium subsp. lactilytica
Paraprevotella xylaniphila YIT 11841

Candidatus Accumulibacter phosphatis clade IlA str. UW-1
Arcobacter suis CECT 7833

Paraburkholderia rhizoxinica HKI 454

Salmonella enterica subsp. enterica

Desulfomicrobium baculatum DSM 4028

Arcobacter cryaerophilus D2610



Top Fungi observed in shotgun RNA-seq
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Fusarium pseudograminearum
Malassezia restricta

Neurospora crassa

Saccharomyces cerevisiae

Botrytis cinerea

Zymoseptoria tritici

Toxoplasma gondii

Babesia bigemina

Leishmania mexicana
Schizosaccharomyces pombe Cov

Aspergillus fumigatus ::'5

Cryptomonas paramecium IO' 5
Hemiselmis andersenii 0
Scheffersomyces stipitis

Debaryomyces hansenii
Cercospora beticola
Aspergillus oryzae
Guillardia theta

Candida orthopsilosis
Sporisorium graminicola
Trypanosoma brucei
Saccharomyces eubayanus
Cryptosporidium parvum
Colletotrichum higginsianum
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Details: regional microbial movement on campus

Il CAMPUS BASIN
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Targeted search for respiratory pathogens
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Human mastadenovirus C
Human coronavirus 229E
- Human mastadenovirus E

Human mastadenovirus D
i Human mastadenovirus B
Human respirovirus 3
Influenza B virus
Enterovirus
Influenza A virus
Human coronavirus HKUA

Human orthopneumovirus
Rhinovirus C

- Betacoronavirus 1
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471C Life Sciences Center
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SF-RAD LJ ‘ OF MIAMI Medicine




value

Dorm vs. Hospital environments each shows
unique enrichments

. DORMITORY

HOSPITAL

Acinetobacter junii

Acinetobacter towneri

Aeromonas hydrophila

Akkermansia muciniphila

Aliarcobacter butzleri

Bacteroides ovatus

Bacteroides thetaiotaomicron

Cloacibacterium normanense

0.044

0.03+

0.024

0.01+

0.00+

-0.014

Ay
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Escherichia coli

Faecalibacterium prausnitzii G

Klebsiella pneumoniae

Parabacteroides distasonis

Phocaeicola vulgatus

Prevotella copri

Pseudomonas aeruginosa

Roseburia intestinalis

0.044

0.034

0.024

0.014

0.004

-0.014
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Now for planes at JFK!

Andrew Franklin with Ginkgo Bioworks



Not the first time...



New fields lead to new lessons: 2013

What Microbes Live In YOUR
Subway Station?

AAAAAAAAAAAAA

e en

We can presume that the man who licked his shoe on the subway dropped dead

moments after the last frame of this video, but plenty of daily straphangers forget




Extract DNA (n=1,457 samples)

¥

96-plex TruSeq/Qiagen Libraries

. 2

10.2 billion 125x125 DNA Segs.

¥

Quality Trim (Q20)

N 2

MegaBLAST-LCA alignment

~~

Confirm with MetaPhlAN

1.Swab (3 min) 2. Annotate
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3. GPS-tag/time
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THE WALL STREET JOURNAL.
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

|

RECOMMEND

Iraqi Parli
to Expel U

W ETe piq&e %acteria il‘iiﬂje NYC Subway

i -~ P .
@ 7 2020 Gold
' Winners

id

Soleimani

Researcher Christopher Mason from Weill Cornell Medical College collecting DNA samples at the 68th Street subway station in New York City Unites Ira

last summer. The scientists identified hundreds of types of bacteria, most harmless, in the transit system as a way to study the microbiology of Inflames £
urban environments. Photo: Katie Orlinsky for The Wall Street Journal Mood

The Debat

By Robert Lee Hotz Buybacks,

Feb.5,20151:07 pmET



Media is not the place for nuance

ull gothamist

ARTS & ENTERTAINMENT

Licking Subway Poles "Probably
Fine," Says Expert

MQ €=




Expert: If You Lick a Bunch of Subway
Poles You'll "Probably be Fine"

; 419 ENWK
Hudson Hongo & 13.50K
02/05/15 11:10PM Filed to: PUBLIC SERVICE ANNOUNCEMENTS

https://www.gawker.com/expert-if-you-lick-a-bunch-of-subway-poles-youll-prob-1684097832



— Q I N S I D E R Newsletters  Login

HOME > SCIENCE

A geneticist says any new parent should 'roll their child on
floor of the New York subway' — here's why

Erin Brodwin Aug 15, 2015, 10:45 AM

A team of geneticists made
headlines a few months ago
after its mission to document
all the bacteria on the New York
City subway turned up neatrly
600 different species of
microbes crawling around on
all those greasy rails.

REUTERS/Carlo Allegri



“Traces of species” becomes...

@ CBS NEWS NEWS v  SHOWS v LIVE v  LOCAL v

HEALTH >

Dangerous pathogens and mystery microbes
ride the subway

https://www.cbsnews.com/news/dangerous-pathogens-and-mystery-microbes-ride-the-subway/



Letting the
molecules
speak for
themselves
S

not enough



Running multiple
algorithms

S

not enough



How to learn and fix it?

IMMSA

International Metagenomics and Microbiome Standards Alliance

https://genomebiology.biomedcentral.com » articles

Comprehensive benchmarking and ensemble approaches for ...

by ABR Mcintyre - 2017 - Cited by 233 — In this study, we use the largest-to-date set of
laboratory-generated and simulated controls across 846 species to evaluate the performance...

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-017-1299-7



New methods

Detection of Bacillus
anthracis using a targeted
gene pa nel =

Bacillus marker depth (log10)

https://science.onecodex.com/bacillus-anthracis-panel/



https://science.onecodex.com/bacillus-anthracis-panel/

More eyes, more critigue,
and more open data
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Herpes Viruses Implicated in Alzheimer's Disease

A new study shows that the brains of Alzheimer’s disease patients have a greater viral
load, while another study in mice shows infection leads to amyloid-B build up.

Jun 21,2018 e
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Alzheimer's risk 10 times lower
with herpes medication

New results could change the face of Alzheimer's treatment;
the herpes simplex virus is found to play a vital role in the
condition, and antiherpetic medication is shown to have a
dramatic effect on dementia risk.
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Alzheimer's disease may soon be treated with antiviral medication.



Who is there, and what are they making?

Viruses Archaea Plasmids

Ambiguous__ 0.032% 0.003% 0.001%

4.184%
Eukaryota

0.771%

Unknown
Organisms

Bacteria

46.9277% 48.313%

H°}%2ﬁ° Afshinnekoo E, Meydan C, et al., Cell Systems, 2015.
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3 Goals:
1. Geospatial Metagenomic and Forensic Maps
2. Anti-microbial resistance (AMR) marker tracking by genetics and epigenetics
3. New Biosynthetic Gene Clusters (BGCs); new drugs

www.metasub.org










11 You Retweeted

2 Niranjan Nagarajan @NiranjanTW - Jun 21 W
@ The Swab action team in Singapore as part of #metasub2019 @metasub




MetaSUB

b

ATCGAGTAGA..GATCGATCGT
l AGCTGAGCTT...GATAAGTCGT

Paired End 150bp Reads
~6 Million Reads per Sample

Danko, Bezdan et al., Cell, 2021



Reference Based Metagenomic Analysis

Sample Similarity e

>1
ATGCGTACGAT
>2
GCGATAGAGAG
>3
TTTTTAATATT
>4
ATAGCGAGCTG
>5
TTTTTAATATT
>6

GCGGGGAGCTG s

AAAAAA

' o G
TGAGGAGGAGT '
UniRef90, RefSeq, o G
NCBI-NR, etc

*Kraken Salzberg, 2014 Assembly Danko, Bezdan et al., Cell, 2021



The MetaSUB Core Analysis Modular Pipeline (CAMP)

Core modules

QUALITY CONTROL

Summary statistics
FASTQC
Deduplication
Adapter trimming
Host read removal
Error correction

GENE CATALOG

Open-Reading-Frame
prediction/annotation
Non-redundant clustering
at different percent
identities

Abundance quantification

Support modules

Canopy clustering

SHORT READ

Taxonomic abundances
Pathway/functional
abundances
GT-Pro/SNP abundances
Wastewater analysis

CONSENSUS BINNING

Multiple binning approaches
Dereplication

Quality control
Metapangenomic analysis
Functional annotation

MAS/GWAS/SWAS

ASSEMBLY

Multiple long/short/co-
assembly methods

Contig quality control

PHAGE HUNTING

Identification

Taxonomic annotation
Dereplication

Functional analysis
Host-matching
Abundance quantification

Statistical model
evaluation

PR %
8 7

GéﬁéLaﬁ Open Science for Life in Space
.

A modular git ecosystem
as an alternative to one—
click pipelines

COMPARATIVE
GENOMICS

Functional annotation
SNP identification
Doubling rate estimation
GWAS + statistical
analysis

Sustainable, long-term
development

Clear teams and
module ownership +
accountability

Adaptable to new
software/methods

Standardized
documentation and
development practices

Colab/Alphafold2

Braden Tierney



A Core Urban Microbiome found across 4,728 samples and 60 cities

| |

Peripheral, < 25% (2,466)||
Core > 95% (EIH)I
Sub-Core 70-95% (1,084)

4500

4000
variable
© [ city
fié O total
3500

Number of Samples (Density)

0 1000 2000 3000 4000
Num. Samples 0.00 0.25 0,50 075 1.00

Species Prevalence

Danko, Bezdan et al., Cell, 2021



31 species
the Urban ™
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Wide diversity of AMRs across the world’s cities
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drug resistance

L]

Multi

Aminoglycosides

Rifampin
Sulfonamides

Tetracyclines

Phenicol

Fluoroquinolones

Aminocoumarins

Trimethoprim

Fosfomycin
Lipopeptides
Glycopeptides
Cationic peptides

Fusidic acid

Bacitracin
Tunicamycin

B

l‘
W

iy

10 100
Number of AMRs Detected

Bogota

Offa

Hanoi

llorin

Rio De Janeiro
Kuala Lumpur
Berlin

Lisbon
Santiago
Barcelona
Tokyo
Fairbanks
Vienna

New York City
Hamilton
Baltimore
London
Minneapolis
Doha
Singapore
Zurich
Ribeirao Preto
Auckland
Sydney

Sofia

Kyiv

San Francisco
Hong Kong
Naples

Sao Paulo
Sendai
Marseille
Porto

Taipei

Oslo

Brisbane
Denver

Paris

Seoul
Sacramento
Stockholm

Danko, Bezdan et al., Cell, 2021



OTC Antibiotic use can be derived from
the cities themselves

800

600 1

RPKM
N
3

200 1

Chromosome Plasmid

y = 0.0879x + 38.855x y = 0.0248x + 17.933x

R?*=0.396 R*=0.2625

Pearson’s rho =0.629 Pearson’s rho=0.512

p = 0.0002 p=0.004

A
A
% A
| | | |
0 1000 2000 3000 4000 O 1000 2000 3000 4000

Defined daily dose per 1000 individuals

Drug

(Fluoro)Quinolone

Beta-lactams

Macrolides, lincosamides and streptogramins

Sulfonamides and trimethoprim

X + m p

Tetracycline

City
Denver (2015)
Hong Kong (2016)
B London (2017)
B NYC (2015)
Oslo (2017)
Stockholm (2017)

Patrick Lee, InnovaPrep



10-100x less than what is seen in gut or soil

Current Biology >

Volume 24, Issue 10, 19 May 2014, Pages 1096-1100 CeIPreSS

Report

Large-Scale Metagenomic-Based Study
of Antibiotic Resistance in the
Environment

Overall, the percentage of different ARGD sequences detected ranged
from 0.97% in cow gut (4441680.3) to 32.78% in Rothamsted soil E41.

https://www.sciencedirect.com/science/article/pii/5S0960982214003285



3X increase in size of the tree of life,
including 10,928 new viruses
(vs. JGI/NCVBI)

v nature
N microbiology é Cell

EEL W Altmetric: 499 More detail > ARTICLE | ONLINE NOW

Article | OPEN

A global metagenomic map of urban microbiomes and
Recovery of nearly 8,000 metagenome- antimicrobial resistance

assembled genomes substantially expands David Danko ® » Danlela Baadan EURE T TEETTE

... Sibo Zhu = Christopher E. Mason 2 ©°
the tree of life The International MetaSUB Consortium = Show all authors = Show footnotes

Published: May 26, 2021 = DOI: https://doi.org/10.1016/j.cell.2021.05.002

https://www.nature.com/articles/s41564-017-0012-7
https://www.cell.com/cell/fulltext/S0092-8674(21)00585-7



https://www.nature.com/articles/s41564-017-0012-7
https://www.cell.com/cell/fulltext/S0092-8674(21)00585-7

and >800K new CRISPR arrays

spacer hits per megabase
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Global K-mer index

. Extracted Graph-based multi-sample
City samples . Sequence query
k-mers sequence index
N ACGATCG
>readl CGATCGC 22°54730"s
ACGATCACA GATCACA _ -~ 43°11747"W >queryl
>read?2 Gerdiderd ) . CGATCG
GATCGAC 51°30"26"N ...
CGATCGACA - o -~ 00°07'39"W
>read3 TCGAAGE '

_ _ 35°41'00"NW >guerv?2
139°41'00"E q Y

%) TTATAC. . .

40°42+ 46" ~ . TCGAAGCGG CGAAGCG - 2
\_ 74°00°21"W ) GAAGCGG
40°42"46"N
4 ’ N CGATCGA 74°00721"W
/ >readl GATCGAA
Y-\~ |,/ CGATCGAAT ATCGAAT

Sl GGTGCTG

>read?2 —

GTGCTGA
GGTGCTGAT .
IO o >read3 CAAGCAT
51°30'26"N ~ | CAAGCATGC AAGCATG
\ 00°07'39"W ) AGCATGC
[ I [ ] [ ] [ ] [ ]
( p \ CCGATAT
7 sreadl CGATATT
CCGATATTC g::;g;:
>read2 —»  GTTGTAC
CGTTGTACC e
>read3 AACAGAA
35°41'00°N ~ . AACAGAATA ACAGAAT
139°41'00"E CAGAATA
f ; \ CCCGTAT
7 sreadl CCGTATA i
CCCGTATAA ;gg:g;: Query City Score Metadata
e | > oo CGATCG... o 100 line 1, bench, 2018/6/21-10:15am
sread3 Contom CGATCG... o % line B, kiosk, 2018/6/21-2:27pm
SreZcoTiiE CGATCTATG GATCTAT CGATCG. .. ® 95 line 2, kiosk, 2018/6/21-11:49am
prigglycind S Y, ATCTATG TTATAC. .. °® 93 line h, bench, 2018/6/21-5:18pm
www.metasub.org

https://metagraph.ethz.ch/graphs Andre Kahles, Gunnar Ratsch
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Also found in space...

Sneaky New Bacteria on the ISS Could Build a Future on Mars

NASA tracks the microbes that live on the space station, and sometimes it discovers new ones. Those hardy bugs may offer clues about surviving long
missions.




Dr. Kasthuri J Venkateswaran - S .
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Dec. 17,2020

RELEASE 20-133

NASA Moves Forward with Campaign to Return Mars

Samples to Earth
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A New View

View from Curiosity rover, evening of January 31, 2014 (Mars year 32, late spring)
Earth-Mars distance: 180 million km (112 million mi)
JPL



JPL Careers Education Science & Technology

Jet Propulsion Laboratory
California Institute of Technology =

About JPL Missions News  Galleries  Engage

Mars Sample Return

Mars Sample Return is a proposed mission
to return samples from the surface of Mars e PR —
to Earth. e aasmmias s - L

ETA: 2032

https://www.jpl.nasa.gov/missions/mars-sample-return-msr/






Planetary Genomics



Microbiome

Home About Articles Collections Submission Guidelines

Research | Open Access | Published: 01 April 2021

A comprehensive metagenomics framework to
characterize organisms relevant for planetary
protection

David C. Danko, Maria A. Sierra, James N. Benardini, Lisa Guan, Jason M. Wood, Nitin Singh, Arman

Seuylemezian, Daniel J. Butler, Krista Ryon, Katerina Kuchin, Dmitry Meleshko, Chandrima
Bhattacharya, Kasthuri J. Venkateswaran & & Christopher E. Mason

Microbiome 9, Article number: 82 (2021) | Cite this article
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https://www.nasa.gov/content/nasas-journey-to-mars

ETA: 2035



Potentially Habitable Exoplanets g &Pl

Ranked by Distance from Earth (light years)
&
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Artistic representations. Earth, Mars, Jupiter, and Neptune for scale. Distance from Earth is between brackets. CREDIT: PHL @ UPR Ar;:i-hu (phl.upr.edu) Feb 1, 2019



Candidate Planets

Earth Similarity Index (ESI)
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Global K-mer index

. Extracted Graph-based multi-sample
City samples . Sequence query
k-mers sequence index
N ACGATCG
>readl CGATCGC 22°54730"s
ACGATCACA GATCACA _ -~ 43°11747"W >queryl
>read?2 Gerdiderd ) . CGATCG
GATCGAC 51°30"26"N ...
CGATCGACA - o -~ 00°07'39"W
>read3 TCGAAGE '

_ _ 35°41'00"NW >guerv?2
139°41'00"E q Y
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40°42+ 46" ~ . TCGAAGCGG CGAAGCG - 2
\_ 74°00°21"W ) GAAGCGG
40°42"46"N
4 ’ N CGATCGA 74°00721"W
/ >readl GATCGAA
Y-\~ |,/ CGATCGAAT ATCGAAT

Sl GGTGCTG

>read?2 —

GTGCTGA
GGTGCTGAT .
IO o >read3 CAAGCAT
51°30'26"N ~ | CAAGCATGC AAGCATG
\ 00°07'39"W ) AGCATGC
[ I [ ] [ ] [ ] [ ]
( p \ CCGATAT
7 sreadl CGATATT
CCGATATTC g::;g;:
>read2 —»  GTTGTAC
CGTTGTACC e
>read3 AACAGAA
35°41'00°N ~ . AACAGAATA ACAGAAT
139°41'00"E CAGAATA
f ; \ CCCGTAT
7 sreadl CCGTATA i
CCCGTATAA ;gg:g;: Query City Score Metadata
e | > oo CGATCG... o 100 line 1, bench, 2018/6/21-10:15am
sread3 Contom CGATCG... o % line B, kiosk, 2018/6/21-2:27pm
SreZcoTiiE CGATCTATG GATCTAT CGATCG. .. ® 95 line 2, kiosk, 2018/6/21-11:49am
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www.metasub.org

https://metagraph.ethz.ch/graphs Andre Kahles, Gunnar Ratsch
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Our Modern Lifestyle May Be
Destroying Microbiome Diversity

Samples from an "untouched civilization" show dramatic differences

BY SARAH FECHT | PUBLISHED APR 17,2015 10:10 PM

https://www.popsci.com/modern-lifestyles-may-dramatically-reduce-diversity-human-microbiome/



1/4
birds
are gone

3.2 billion birds lost
z

Shorebirds such as sanderlings may be dwindling because of habitat loss. TIM GRAHAM/GETTY IMAGES

Three billion North American birds have vanished since
1970, surveys show

https://www.sciencemag.org/news/2019/09/three-billion-north-american-birds-have-vanished-1970-surveys-show



Not the first time:
Earth’s Temperature History and Mass Extinctions

Ordovician-Silurian (85%) Permian-Triassic (96%) Cretaceous-Paleogene (76%)
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https://newatlas.com/rise-of-algae-snowball-earth-animal-evolution/50934/
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The birth of the
4t kind of
organism:
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Only humans
are
“extinction aware”



After 32 years in storage, cells were cloned,
donor gestated, and born

Ben Novak, Revive & Restore

https://www.nytimes.com/2021/02/18/science/black-footed-ferret-clone.html
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A New Company With a Wild

Mission: Bring Back the Woolly
Mammoth

With $15 million in private funding, Colossal aims to bring
thousands of woolly mammoths back to Siberia. Some scientists
are deeply skeptical that will happen.

The biologist George Church unearthing woolly mammoth remains in Siberia. Eriona Hysolli



Cloning to protect and revive other species
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Duty to all Life:
Past, Present, and Future



Preserving anc

this planet anc

mapping genetics for helping
eventually others...

The Next 500 Years

Engineering Life to Reach New Worlds

Engineering Life to Reach

New Worlds
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CHRISTOPHER E. MASON

By Christopher E. Mason

An argument that we have a moral duty to explore other planets
and solar systems — because human life on Earth has an expiration

date.

https://mitpress.mit.edu/books/next-500-years
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