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Low biomass environments

tacama desert Bioaerosols Hydrothermal vents Planetary Protection DNA/nucleobases o

(~10° cells/¢g) (~103 cells/L) (~10* cells/ml) (Cleanroom) Mars?
(Azua-Bustos, A et al, 2012) (Gong, | et al, 2020) (Yanagawa, K et al, 2017) (~300 spores/m?)

(Azua-Bustos, A er al, 2012. Life at the dry edge: microorganisms of the Atacama Desert. FEBS letters)
(Yanagawa, K er al, 2017. Defining boundaries for the distribution of microbial communities beneath the sediment-buried, hydrothermally active seafloor, JSME)
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Logarithm (10") of Viable Cells

Traditional growth monitoring methods

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction of Splay.
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Less than 2% of environmental bacteria are culturable in lab (Wade. W er aZ, 2002)

Need accurate molecular methods that can detect low-biomasses and distinct microbes

(Wade. W er al, 2002, Unculturable bacteria—the uncharacterized organisms that cause oral infections, JRSM )
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Low detection with Nanopore so far
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The Limits, Capabilities, and Potential for Life Detection
with MinlON Sequencing in a Paleochannel Mars Analog

Catherine Maggiori,' Jessica Stromberg? Yolanda Blanco? Jacqueline Goordial,*
Edward Clou‘[is.,5 Miriam Garcia—‘w’iIladangos.,3 Victor Parro,3 and Lyle ‘\.J‘vu’hg,f’[e1

All of them had an amplification

®

Chack for

In Situ Field Sequencing and Life
Detection in Remote (79°26’N)
Canadian High Arctic Permafrost Ice
Wedge Microbial Communities

J. Goordial'-?*, lanina Altshuler?, Katherine Hindson’, Kelly Chan-Yam',
Evangelos Marcolefas ' and Lyle G. Whyte ™

. step (PCR) included
genes

Article
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Real-Time Culture-Independent Microbial Profiling Onboard
the International Space Station Using Nanopore Sequencing
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Gretta Marie Sharp 4 Christian L. Castro !, Kristen K. John ®, Sissel Juul ®), Daniel J. Turner 7 David Stoddart?,
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To define new limits of concentration for DNA sequencing without the
need of any amplification that could be applicable in diverse research areas

A clean room of ISO dass S was built by our team at UoA for low detectability experiments

(Mathanlal, T er al, 2024. Design, development, and operation of an ISO class S deanroom for planetary instrumentation and planetary protection protocols, Heliyon)
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MinlON minimum 400 ng — without amplification
DNA input I ng — with amplification

Sample type Qscore passed reads Taxonomic dassification | Total reads (pass and fail)

RI R2 R3 RI R2 R3
I0 pg of E, coli DNA 4 3 I Escherichia coli
1 0 Homo saprens 224 73 313
10 pg of YSC-2 yeast DNA 4 Saccharomyces cerevisiae
337 37 190
1 0 Homo sapiens
Nuclease-free water (control) 5 s . Homo sapiens a0 = S0

(Basapathi Raghavendra, ] er al, 2023. DNA sequencing at the picogram level to investigate life on Mars and Earth, Screntific Reports)
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10 pg of E. coli
+ 2 pg of yeast

10 pg of yeast
+ 2 pg of E. coli

MinlON minimum
DNA mput

Taxonomic classification

Escherichia coli

Sac C}Iéll‘ omyces Ci erevisiae

Homo sapiens

Saccﬁarom}/ces cerevisiae

Escherichia coli

Homo sapiens

400 ng — without amplification
I ng — with amplification

Total reads
(pass and fail)

RI R2
411 1180
2110 4700

2 pg without amplification

N/

4

Set a record for lowest
detection limit

(Basapathi Raghavendra, ] er a, 2023. DNA sequencing at the picogram level to investigate life on Mars and Earth, Screntific Reports)
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T Species Avg. GC (%) gDNA Abun. (%) ® ®
90%

® Pseudomonas aeruginosa 66.2 12 o e Salmonella enterica
80% ® ©

® Escherichia coli 56.8 12
70% ]
- Salmonella enterica 52.2 12 . i . - o Pseudomonas aeruginosa

® | actobacillus fermentum 52.8 12
o0 ® Fnterococcus faecalis 37.5 12 o
o e e Listeria monocytogenes

“ Staphylococcus aureus 32.7 12
30% L )

® |isteria monocytogenes 38.0 12
2% = Bacillus subtilis 43.8 12 ) © @ Staphylococcus aureus
10% " Saccharomyces cerevisiae 38.4 2 e o o
0% = Cryptococcus neoformans 48.2 2 root @ ee Enterococcus faecalis

Theoretical Microbial Standard
o]
ZymoBiomics, Microbial Community standard e— Limosilactobasiliusfermentum
Lineage
(0 Taxa - Not Classified o Saccharomyces cerevisiae
@ Taxa - Classified
EPI2ME, WIMP analysis

Minimum of 100 pg to detect atleast 8 microbes
from the community standard

(Basapathi Raghavendra, ] er al, 2023. DNA sequencing at the picogram level to investigate life on Mars and Earth, Screntific Reports)
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a) 3 weeks replicate set-up b)

*f;
[ /
- 21 days - Repllcate 1

4
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!
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SN

Non-sterile Mojave Martian Simulant (MMS-2) soil

b) 500mg of sample +
800p1 of C1
500mg of MMS-2 sample -
2. Bead beating
—
3000 RPM, 30 secs (X2) .
. 10 mins, 65°C Qubit Fluorometer
J 3. DNA extraction —
' DNA quantification S
Centrifuge, roTTTTTmmTTommoomooomooes >
15,000g i
1 .,,9
Transfer Final _ Libraryprep y
supernatant elution (Ligation sequencing lm \\//*w ;
T | S
Nanopore sequencing
DNA extraction

(Basapathi Raghavendra, ] er al, 2023. DNA sequencing at the picogram level to investigate life on Mars and Earth, Screntific Reports)
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= 251
3 —
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E—?O-
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g 154 e o
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root (I y Sp-
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100 =T — =
901 k o+ Cutibacterium acnes
801 e e 0 ¢ © 0 0 ¢ ¢ © 0 ¢ ¢ © 0 0 ¢ ¢ & 0 ¢ 0 & 0 ¢ ¢ © o o @ Homosapiens
701 \ww—m,\
S 60 ,
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50+ : .
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(Basapathi Raghavendra, ] er a/, 2023. DNA sequencing at the picogram level to investigate life on Mars and Earth, Screntific Reports)
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" HEPA filter [

“ | I Iy Homogenization,

\ e { .’" {
/ N | ( (1 Wl [ ([ | 3500rpm, 30s
k. — - — b l — e

Sampled filter Roll the filter using %
(Soil supernatant) sterile forceps ;
Transfer the filter into Sonication (45KHz) at . )
powerbead tube containing bead 65°C for 30 mins bpmei(l)’igzn'm?\A

solution and lysis buffer

(Basapathi Raghavendra, | er al, 2023. An Optimized Active Sampling Procedure for Aerobiological DNA Studies, Sensors)
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24 h Of Sampling . . Escherichia coli

@ Escherichia albertii
~3 ng Of DNA . @ Salmonella enterica
® Shigella flexneri
® Pseudomonas oryzihabitans

@ Pseudomonas psychrotolerans
® Pseudomonas aeruginosa

® Pseudomonas resinovorans
® Pseudomonas silesiensis
® Pseudomonas stutzeri
@ Alteromonas mediterranea
. ® Shewanella livingstonensis
® Corynebacterium kefirresidentii
® [Mycobacterium] stephanolepidis
@ Dermacoccus nishinomiyaensis
® Cutibacterium acnes

® Staphylococcus capitis

® Homo sapiens
root

® Escherichia virus Lambda
® Escherichia virus HK629

Bioaerosol sampler developer: Thasshwin Mathanlal

@ Escherichia virus HK97
® Escherichia phage ECP1

@ Enterobacteria phage IME10

Lmeage ® Enterobacteria phage Sf101

Taxa - Not Classified
.Taxa _ Classified ® Shigella virus 7502Stx

(Basapathi Raghavendra, ] er al, 2023. An Optimized Active Sampling Procedure for Aerobiological DNA Studies, Sensor:s)
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Brine samples

(Boulby Mine, UK)

Genus rank

Relative abundance
120

100

euapeqoan,o;deqdw
saje|eluoIt
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0

Billingham_Baths

@ Arhodomonas [ Haloarcula ([l Halofium ([l Halolamina @ Haloplanus [l Halorhodospira

Limimonas ([l Other Unknown

EPI2ME Labs, NCBI

(Nazarious, M et al, In preparation)



1495

I y UNIVERSITY OF (IIIBR\H\( . - . . &
3 325 ) -

ABERDEEN 1495 — )0)() HHIERSTE Y OF SSIVEEI;SSITY Natural

Environment
ABERDEEN " BELFAST Research Council

DIVERSITY
IN THE

GENOMIC ERA

Photo credits: NASA
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Potential of MinlON nanopore technology:

» Can detect DNA strands from a monoculture with an input of 10 pg and mixed culture
with 2 pg

» Characterise with an ISOS cleanroom environment, the possible ambient Earth
contamination /kitome microbiome

> Can negate false positives due to mis—ampliﬁcation of DNA primer sets.
> Identify microorganisms with extremely low biomass

> Applicable for monitoring clean room environments, planetary protection protocols,
future Mars exploration studies and missions.

@ Scan for article

j.basapathiraghavendra.21@abdn.ac.uk
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(Wang, Y eral, 2021)
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