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Anthropogenic impact and climate change
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Let’s look at the past! But how does the future look like for Australia?
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BACKGROUND

WHAT DO WE KNOW?

* Microorganisms perform essential ecological functions

* They are the foundation of long-term ecosystem health
and resilience.

* The trajectory of ecosystem recovery is strongly linked to
the taxonomic and functional succession of microbial
communities.

WHAT IS MISSING?

But what happens to these microorganisms over
extended temporal ecological scales after environmental

changes remains unclear. ;



HOW DO WE FILLTHIS GAP?

Build a long-term record of the impact of environmental

<10ky BP < 5ky BP < 200y BP : _ : ‘
changes on microbes in Australian environments

* Sedimentary ancient DNA (sedaDNA):
environmental ancient DNA preserved in
sediments.

e Powerful tool for reconstructing long-term
ecological histories.

* Sediments accumulate over time creating a
natural archive that enables us to examine
ecosystem changes from decades to millennia.




Sedimentary record
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To improve the reconstruction
of ecological responses to
bushfires in the past in
Southeastern Australia, to build
better predictive models to
determine  how  biological
systems will respond to
ongoing and future climate
change.
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Lashmars Lagoon, Kangaroo Island, SA Present

Traditional proxies:
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Apply molecular techniques (i.e., sedaDNA) to study the biological adaptations of this
ecosystem to changing environmental conditions.
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Ultra-clean ancient DNA facility

Sub-sample collection DNA extraction Sequencing library
preparation

Shotgun metagenomics: gold standard for
analysing short (<100 bp) and degraded DNA
fragments




RESULTS

Taxonomic composition: most abundant families

Archaea Bacteria Eukaryota
1 | |0 I H EE 2 =
4 L I B Il E i
sl | el I |
GERE B N W . I A
a0 I N . [ 1] H B B S Eukaryota
1314 S N INTEE I H BB E=
153.2 || I | T H BN s - !
1782 [ I BN H 1 [ | f_Dunaliellaceae
2082/ I N [ o] ==———11 I f_Convolvulaceae
238.2 [/ BN E (] .. [ B S ) f_Fabaceae
— 257.9 [ HE ITHE I [ : NS m f_Haloragaceae
£ 779 I HE ' o I . N o Saxifragaceae
S 2929 . | iy N 0 | ] = {Pasoniaceae
£ 329 Il R I | | [ 1 I oy orellaceae
& 3379 NN i L | S 3 f_Calophyllaceae
Q 3642 [l Il |1 I il NrFS o f_Lauraceae
394.2 [N N | Wy 7 1] | ) " g I _Poaceae
4242 [ [ RN ] =i im o o Unknown
4529 [ NN I | TEI - | NS v [1f_Euphorbiaceae
527.9 [ I bR [ [ | {Solanaceae
562.9 11 Il NN EEN | ] . | =] £ Raenc o
s92.9 Wl [ AT i ] |1 | Q Ruta
622.9 Il NI H | TEE N [ Il . _iunaceae
632.9 [ I [ I N T[] HEE . | f_Malvaceae
652.9 [ e B I [ B B IS f_Cymodoceaceae
682.9 [j I N 5 V. I I . | N 3 f_Cucurbitaceae
7129 | I 1 TN I B N H I f_Posidoniaceae
0% 25% 50% 75% 100% 0% 25% 50% 7 100% 0% 25% 50% 75% 100%
Relative abundafce )
Archaea Bacteria
f_ Crenarchaeota f_Thermoproteaceae f_Bacillaceae f Dehalococcoidia Mf_Tsukamurellaceae Mf_Actinobacteria W Clostridiaceae
l Methanomicrobiaceaelf_ archason f_Mycobacteriaceae | Srnechococcaceae f_Desulfobacteraceae _ fRhodobacteraceae f_MycogIasmataceae
f_Methanosarcinaceae If Halobacteriaceae fbacterium * {_Planctomycetales | {_Hyphomicrobiaceae [ f_Deltaproteobacteria [l {Pseudomonadaceae
I f Methanospirillaceae | f_Methanoregulaceae f_Halobacteroidaceae | f_Paenibacillaceae  f_Streptomycetaceae f_Nocardiaceae f_Streptococcaceae



RESULTS Increasing aDNA proportion along the sediment core

Archaea Bacteria Eukaryota Ancient DNA fragments
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RESULTS

Depth (cm)
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Holocene climate and catchment change inferred from the geochemistry of &&=

Lashmars Lagoon, Kangaroo Island (Karti/Karta), southern Australj
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Highlights

e Our record archives ~7000 years of climate and catchment change
in South Australia

e Geochemical analyses are used to infer past hydroclimate and
marine influence

*  We infer a distinctive wet period on Kangaroo Island (Karti) from 4.5
to 2.5 ka

We find evidence for a late Holocene dry period commencing at

~2.5 ka

» The strength of the Leeuwin Current may explain patterns of rainfall
at our site 12




RESULTS

Archaea

Depth (cm)

g

_ f Halobacteriaceae
B f__Methanomicrobiaceae

g
&
2

Bacteria

B Dehalococcoidia
f Halobacteroidaceae [f Posidoniaceae

Carbonates

Ca (cps)
0 50000 150000

Eukaryota

0

T
1000

T
2000

TERRESTRIAL |

POLLEN CHARCOAL
thousands/em® thousands/cm3
0 0 0 2o 1o 2 a0 a0

% dry weght

> — LOSS ON IGNITION
% wet weght

[STRATIGRAPHY
- WATER

Our findings and previously published
work suggested a change to warmer and
drier climate in this region

O o 69101371
o Ne) 10,0604 1
7 R Doorcore e e o
'§ N § Modified figure from Clark, 1983
o
(o} .
_ Increased microcharcoal
Mf Dunaliellacea o o . . .
SR P = indicating high intensity
0 10 20 30 N . .
Carbonates (%) fires or more frequent fires
Modified fi 6 fi 0 2 4 6 8 10 1 H 1 13
gu;lt?uryliszle., ZSCZ)T Gypsum (%) In thIS reg|0n



Increasing damaged contigs (>500 bp) along sediment core
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Total 71 MAGs:

* 67 damaged MAGsS,
potentially ancient.

* 4 non-damaged
MAG, potentially
modern.
(Phycisphaerae,
Paceibacteria,
Dehalococcoidia,
Desulfobaccia)
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Functional profiles (KEGG pathways) of DAMAGED prokaryotic MAGs
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Take home messages so far..

* Our results showed vertical changes in sedimentary microbial communities
correlated to environmental change proxies (e.g., Ca-salinity, fire-microcharcoal).

* The sedimentary microbial communities in the sediment cores in the Lashmars
Lagoon showed authentic ancient DNA signal.

* Microbial communities likely responded to past environmental conditions and
geochemical changes of the sediment during burial.

* These observations suggest that microbial communities are useful paleo-
bioindicators of environmental change over time.

* More optimisation is needed for this type of complex environmental ancient
DNA data.
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BACKGROUND HOW DO WE FILLTHIS GAP?

Build a long-term (Holocene) record of the impact of
environmental changes on microbes in Australian
environments

<10ky BP < S5ky BP < 200y BP

Most studies in ancient microbial research use short-read
sequencing.

Limits findings to known taxa and their close relatives.

Functional annotation more challenging and inaccurate.

”ancient” microbial
metagenome-assembled
genomes 20
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