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Airborne environmental DNA

GO gle what is airborne eDNA
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Airbormne environmental DNA (eDNA) is an emerging field that allows for
the detection of species from their genetic remnants in the air.
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At border biosecurity and eDNA

The biosecurity sector in Australia is built around a need for rapid response

* Quick identification of pest species.
* Risk assessment.

* Actionable decision for biosecurity response.

Australian Department of Agriculture, Fisheries and Forestry funded eDNA application and research by ECODNA for
border biosecurity

eDNA and eRNA using dust Automated air sampling devices for
remote surveillance inside shipping

samples from shipping container )
containers
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Objective

Can we use airborne eDNA for border biosecurity?

Well, it’s a question that is not that easy to answer. There are many more
guestions that need answering before we can answer this.

Can we detect insect diversity in an Approved Arrangement (AA) facility using airborne DNA?

Objectives:

* Develop an automated device capable of continuous airborne DNA collection.
* Uninterrupted sampling of airborne DNA inside an AA

* Downstream analyses for eDNA detection




Automated air sampling sentinel units

Automated air sampling sentinel units designed by DATA EFFECTS

» Capture airborne particles
» Store in a 2 ml tube
» Automated change of tube every 24 hrs
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Sampling regime and eDNA metabarcoding

A total of 462 samples were collected from three approved arrangement 4
facilities in Australia.

Sampling sites Number of 4
samples* e

Rapid Haulage in Adelaide 15/09/2023 — 30/04/2024 191

Mainfreight Perishables in 15/09/2023 - 30/04/2024 226 . ﬂﬂ e
Melbourne } "*—(J//
Mainfreight Logistics 15/03/2024 - 30/04/2024 45 @

Brisbane

* Number of samples used for high throughput sequencing

* Metabarcoding was performed following the SOP designed by the National eDNA Reference Centre (NRC)

e Targeted gene: COl (FwhF2a and Fdegen primer sets from Elbrecht et al. 2019 with slight modification)

* Sequencing: lllumina MiSeq V3 (2x300 Cycles)

Elbrecht et al. 2019. DOI 10.7717/peerj.7745



Results (all three sites)

75 186 insect species belonging to 20
Sarcoptiformes (5%) » insect orders

Blattodea (5%) Both flying and crawling insects

!\

Lepidoptera (Moths and Butterflies)

Hemiptera (9%) Aranese (Spiders) . Julida (Millipods)
I Blattodea (Cockroaches and Termites

’YQ Coleoptera (Beetles) . Mesostigmata (Mites)

Le‘pldoptera (14%) Dermaptera (Earwigs) Orthoptera (Hoppers and Locusts)

Diptera (Flies, Midges, Mosquitos and Gnats) Poduromorpha (Springtails)

Embioptera (Webspinners) Psocoptera (Booklice)

Entomobryomorpha (Springtails) Sarcoptiformes (Mites)
Hemiptera (Psyllids and Hoppers) Scolopendromorpha (Centipedes)
Thysanoptera (Thrips)

, o Hymenoptera (Ants)
Coleoptera (166) ’ . Isopoda (Isopods) Trombidiformes (Mites)
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Results (all three sites)

Number of species detected

Melbourne (106)

Brisbane
(46)

=328 DNA



Results (all three sites)

Frequently detected species:

Number of species detected |
Aleuroglyphus ovatus

(81) Adelaid (brown-legged mite)
elaldg

Melbourne (106)

Tyrophagus putrescentiae s
(a cosmopolitan mite ==
species)

Teleogryllus commodus
(black field cricket)

7, ke
Yo/
/1
|
A Al
4l gt v
J NP ~
4 ’

- b
B"&%a;"e Coptotermes acinaciformis e
—— (subterranean termite) W"V,
Calliphora stygia L
Image source: (brown blOWﬂy)

a) Zouetal. 2023 (DOI: 10.1007/s10493-023-00861-9) E
b) Atlas of Living Australia (https://www.ala.org.au/) CO D N A



Results (Adelaide) —

Woodlouse_Porcellio laevis - |
Webspinners_Oligotoma nigra - [ ]
Thrips_Thrips tabaci - | | ||
Thrips_Scolothrips rhagebianus - | |
Termites_Coptotermes suzhouensis =
Termites_Coptotermes gestroi - | |
M ° Termites_Coptotermes frenchi - | |
A e a I e . Termites_Coptotermes acinaciformis - ] | | || H EE
Springtails_Willowsia nigromaculata -
Springtails_Homidia socia -
Psyllids_Glycaspis brimblecombei = [ | [ |
Psyllids_Acizzia uncatoides - | |
Moths_Pyralis farinalis - |

Moths_Pherececa praecox -l
Number of samples 105 oLt s
WMoths_Ephestia elutella - |
Moths_Agrotis infusa - ]
. . Mosquitos_Culex pipiens =
Wlth n O d eteCtI on Mites_Tyrophagus putrescentiae - | | | [ | HE BN B EEE .
Mites_Neoseiulus barkeri - [ |
Mites_Lepidoglyphus destructor - m
Mites_Haplochthonius simplex = | |
Mites_Dermatophagoides pteronyssinus - -
Mites_Aleuroglyphus ovatus - ] H E EEEEEE r ENE EEEE EEEEEEEE EEEE EEEEER
u I I I e r O Sal I lp eS Mites_Aculops lycopersici -
Mites_Aceria tosichella -
. Midges_Zaitzeviola rufocinerea - L]
Midges_Polypedilum nubifer -
WI a e a S o n e Midges_Dasyhelea bilineata - -.
Midges_Corynoneura scutellata - ||
. . . Midges_Chironomus tepperi -
Midges_Chironomus javanus -
pOS Itlve ete Ctlo n Midges_Chironomus duplex - L]
Locusts_Austracris guttulosa -
Hoppers_Orosius orientalis = | |
Hoppers_COrosius argentatus - |

Hoppers_Melanoplus marshalli - .
Tota l 1 9 1 Hoppers_Exitianus nanus - | L |
Hoppers_Balclutha incisa - [ |
Gnats_Scalopsciara sibirica - [ |
Gnats_Corynoptera perpusilla - -
Flies_Symplecta pilipes -
Flies_Psychoda sigma - |
Flies_Psychoda cinerea - | |
Flies_Psychoda alternata - | | =
Flies_Psychoda albipennis - L |
Flies_Parapalaeosepsis plebeia - ||
Flies_Megaselia scalaris - | |
Flies_Megaselia rufipes - | |
Flies_Lucilia sericata -
Flies_Fannia canicularis =
Flies_Drosophila busckii =
Flies_Chrysomya megacephala - ||
Flies_Calliphora dubia - | |
Cockroaches_Periplaneta fuliginosa -
Cockroaches_Periplaneta americana -
Cockroaches_Blatta orientalis -
Butterflies_Vanessa itea -
Bugs_Crecntiades dilutus -
Bugs_Corythucha marmorata -
Booklice_Liposcelis rufa -
Booklice_Liposcelis brunnea -
Booklice_Lepinotus reticulatus -
Beetles_Xyleborinus saxesenii -
Beetles_Urophorus humeralis -
Beetles_Tribolium castaneum -
Beetles_Stegobium paniceum -
Beetles_Sitophilus zeamais -
Beetles_Otiorhynchus cribricollis -
Beetles_Oryzaephilus surinamensis =
Beetles_Oryzaephilus mercator -
Beetles_Hypothenemus hampei -
Beetles_Hippodamia variegata -
Beetles_Harmonia conformis -
Beetles_Corticaria serrata -
Beetles_Coccinella transversalis -
Beetles Carpophilus hemipterus -
Beetles_Callosobruchus chinensis -
Beetles_Anthrenus verbasci -
Beetles_Ahasverus advena -
Ants_Camponotus mitis - ,

OTUs




Results (Melbourne) ——

Webspinner Ongo.oma saundersii -
s _Thrips trehernel = ]
Th g klp{ I‘llenomgnstrricu ] ] | | | ] - =
rips_Franklini&lla occidentalis -
Melbourne: N s Coplotarmmas 1o . . n .
. Termites Co;101ermes Sstrol - I.
rmites _Coptdlermes acinacitormis = n
Spri figtails_Hypogastrura viatica - | |

. Sprin alls n1ofn n
shin d‘\; o Ibocin ]
I Spnn T ]
Springtai |
pid od a gros:
Psvlludsphr;loeconeossa unicomuta = | |
5

ids_Acizzia uncatoides - |
Maths_Plochostola asaphes - |
ni

oths, ania uds
Moths_Hylatara eucalypti

Mol yH llula h\.dr)éls‘ | |

Mclnsh Fahcow_\rua unchqera' L |

Number of samples with | 90 cﬁH% st g i
no detection

s inflisa - n n | | | N | u | |
Mites. T{-,rornagus Utrescentiae = | | ] | n n
tes_Tyrophagus longior = | | n

Mites Hagioththonitis simplex- M
Mites_Dermatgphagoides pteronyssinus - | |
1&5 L)errn m;-\a 0|des fannae - |

Rites_Aleur, u

MitEs: Acu psl cO| |

Number of samples with | 136 gom yittn : .

Midh Tanytarsus formosanu | |
Midges Riethia stictopter n

at least one positive WL X . .
Mldl‘ |?:|S Bs_Culicoides victoriae - ] i

d ete Ct i 0 n C];Cm.ronomus teoper.: - o i 2

Mmges Chirongmus australis - ]
pcds Porcellio laeyis | |
Hoy EP& Ordsius argentatu |
oppe!

g
1s_Maiestas knighti - n
oppers_Exiianus nanus | |
Hoppers‘earcluma incsa - |
loppeTs Acrida conica = |
Gnats E:orynop‘[era perpusilla - | |

F!F oS 1!;rv\plct:ta pilipes - |

Flies Parapal.’:eosepsus [4 | |
Megaselia Scalans 4
FI| g Megasella rufipes | |
ligs_Lucilia sericata - |
Flies Hydredlia tritic: L
Flies_Fafinia caniculars
Flies Drosog‘a‘mla simulan
Flies_Drosophila immigrans ]
[ ]

- FTméﬁDrcsoprnla fb;.uscku
ies. omya rufifacies
F'lIEswéd”IEhUrd stygia | | | I | | |
Flies” Calliphora dubia - ]
Flies Calliphora augur = | | n
Flies Ca1|up‘hara albifrontals - | | | | | | | u
Flies_ATstrosimulium funosum -
Flies_Rustra Si5

E _Ana
. L
Crickets Tele % Or L
Cockroaches Placyzoslerla aterrima -
ntipes ryptops horten
Buﬂ'er‘ ies_Pieris rapae =
Bugs Xylocnrs galachinus -
% r.uf. plebeius
Bugs Arfmadillidium vulgare -
Booklice_Liposcelis Tufa -
Booklice_LipBscels brunnea
Booklice Dory teryx longi
Beetlés %num cas
He hantus suturali

ecrobia rufipes

etfes
Beatles Naupaclus leucoloma =
Bemles Cistronotus mnaruensus-

E lamia vane‘g

Seé‘lle abrius nigrifilus -
Beetles_E(thopalus vespulae -
Beetles_ Eurhopalus australis =
Bestles Cafmcor:u: rubripes -

Beetl®s_Anthrenus verbasci -

Beetles A”‘:‘Plug nathus olivien =
e e e S Aphi rloaphis trifolii -
A"‘ls €ra opacior -

Ants, ta#\) nolus claripes -

Sampling date o



Results (Brisbane)

Detection No . Yes
Brisbane:

Thrips_Frankliniella occidentalis = -
Termites_Coptotermes acinaciformis = -
Springtails_Lepidocyrtus fimetarius = -
Springtails_Entomobrya proxima = -
N b f l H h 1 2 Moths_Speladea recurvalis = [ ]
u m e r 0 Sa m p e S Wlt n O Moths_Spodoptera litura = -
Moths_Hellinsia balanctes = -
d . Moths_Culladia cuneiferellus = -
ete Ctl O n Maosquitos_Culex annulirostris = - - -
Mosquitos_C - |

Mites_Tyrophagus nutresc:zntiae - -
. Mites_Tyrephagus fanetzhang -
Number of samples with at 33 s Ot rove - -
Mites_Haplochthonius simplex = -

L . Mites_Dermatophagoides pteronyssinus = ]
least one positive detection o s e - i
Mites_Alauraglyphus ovatus = -
Midges_Tanytarsus formosanus = -
Midges_Palypedilum nubifer = -
Tota l 45 Hoppers_Teleogryllus commodus = -
Hoppers_Milaparvata lugens = -
Hoppers_Meticche vittaticollis = -
Hoppers_Gryllotalpa pluvialis = -
Hoppers_Exitianus plebeius = .
Hoppers_Austroagallia torrida =
Flies_Sarcophaga impatiens = -
Flies_Sarcophaga aurifrons = -
Flies_Neomyia lauta = -
Flies_Megaselia scalaris = -
Flies_Lucilia sericata = -
Flies_Drosophila ananassae = -
Flies_Desmometopa varipalpis = -

Flies_Chrysomya varipes = -
Flies_Chrysomya megacephala = -

Butterflies_Pyrgus alveus = _ - -

Butterflies_Plebejus idas =
Bugs_Coccus hesperidum = ]
Booklice_Liposcelis entomophila = -
Booklice_Darypteryx domestica = -
Beetles_Tribolium castaneum = -
Beetle_Pheracantha semipunctata = -
Beetle_Eudiagogus maryae = -
Beetle_Chellomenes sexmaculata =
Ants_Technomyrmen albipes =
Ants_lridomyrmex anceps =

OTUs

D_15/04/2024 'I

D_02/04/2024 =
D_03/04/2024 =
D_07/04/2024 =
D_08/04/2024 =
D_09/04/2024 =
D_13/04/2024 =
D_14/04/2024 =
D_15/03/2024 =
D_16/03/2024 =
D_16/04/2024 =
D_17/04/2024 =
D_18/04/2024 = I
D_19/03/2024 =
D_20/03/2024 =
D_23/03/2024 =
D_23/04/2024 =
D_24/03/2024 =
D_24/04/2024 =
D_25/03/2024 =
D_28/04/2024 =
D_27/03/2024 =
D_27/04/2024 =
D_28/04/2024 =
D_20003/2024 =
D_20/04/2024 =
D_30/03/2024 =
D_30/04/2024 =
D_31/03/2024 =

2
D_22/104/2024 =
@

= D_20/04/2024 =
Q. D_21/0472024 =

w

O D _19/04/2024 =

%
3
=

% Heo DNA |



Conclusion and Future Direction

What we have learned:

v' Automated air sampling sentinel units can capture airborne eDNA at the approved
arrangement facilities.

v Airborne eDNA is efficient in detecting both flying and crawling insects.

Can this help the government in actionable decision-making

=328 DNA



Conclusion and Future Direction

What we have learned:

v' Automated air sampling sentinel units can capture airborne eDNA at the approved
arrangement facilities.

v Airborne eDNA is efficient in detecting both flying and crawling insects.

Can this help the government in actionable decision-making

v’ It is unclear if some of the non-frequent detections were from live/active insects
within the facility or historical traces from external sources.

v To overcome this, we are currently performing environmental RNA (eRNA) based

experiments.
=2 DNA
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