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SUMMARY

I. Title
Genomic characterization and biodiversity of geothermal ecosystems in Mount

Melbourne and Mount Rittmann

II. Purpose and Necessity of R&D
O Purpose of the study

— Understanding of biodiversity and genomic characterization of geothermal

ecosystems on Mt. Melbourne and Mt. Rittmann in Victoria Land, Antarctica

O Necessity of the study

- By leveraging the geographic advantages of the Jang Bogo Research Station,
which is ideally situated for geothermal ecosystem studies in both regions, and
integrating cutting—edge genomic technologies, it 1s possible to achieve

research outcomes comparable to those of leading Antarctic research nations

II. Contents and Extent of R&D
O Contents
- Investigation of the Melbourne and Ritmann volcano geothermal sites and
monitoring of subsurface environmental factors to understand the
geothermal ecosystem characteristics of North Victoria Land.
- Understanding microbial species diversity and functions of the geothermal
ecosystem through metagenomics and single—cell genomics analysis.
- Securing biological and genetic resources of the geothermal ecosystem
through strain isolation under various cultivation conditions.
O Scope
- Pioneering routes to the Melbourne and Ritmann volcano geothermal sites,
conducting field investigations, measuring soil temperature and moisture,
and analyzing soil microbial communities, soil metagenomics, and soil
physicochemical properties in geothermal soil samples.
- Isolation and cultivation of soil bacterial strains from samples collected at

the Melbourne and Ritmann volcano geothermal sites

IV. R&D Results



- In-depth investigation and soil temperature/moisture data collection at the
Melbourne and Ritmann volcano sites. At the Melbourne volcano geothermal
site, surface soil temperatures ranged from 10-45°C, while at the Ritmann
volcano, relatively high temperatures of 50-60°C were observed.

- Microbial biomass analysis via qPCR revealed generally very low microbial
biomass.

- Bacterial cultivation resulted in the isolation of 53 strains. These strains
showed high 16S rRNA gene sequence similarity to known cultured strains.
Over 80% of the strains were newly isolated from the site.

- A total of 204 single-cell genomes (SAGs) were obtained. SAGs were
predominantly from Proteobacteria and Actinobacteria.

- HiFi and Hi-C sequencing were successfully performed. The hybrid assembly
resulted in a total of 76 complete metagenome-assembled genomes (cMAGS),
each formed into a single contig. Approximately 50% of these were identified
as new genera not previously reported. Metabolic pathway analysis of the
dominant MAGs revealed CO and H2 oxidation pathways in over 80% of the
MAGs.

— Archaeal biomass was higher in Mount Rittmann, with a higher proportion of
the archaeal phylum Thermoproteota and the bacterial phylum
Gemmatimonadota. In contrast, Mount Melbourne exhibited a higher relative
abundance of other bacterial phyla

- A genomic analysis of the geothermal microbiomes of Mount Melbourne and
Mount Rittmann revealed the presence of both site-specific endemic species
and regional habitat generalists. Notably, the proportion of endemic species

was higher in Mount Rittmann

V. Application Plans of R&D Results

O By obtaining the unknown species diversity and genetic information of the
ecosystems in the geothermal sites of Melbourne and Ritmann volcanoes,
which have been under-researched relative to their scientific value, this
project will contribute to scientific achievements on par with those of leading
Antarctic research nations.

O Historically, the discovery of new antibiotics and useful substances has often
originated from organisms inhabiting unexplored regions and extreme
conditions. Therefore, the newly discovered species and genomic information
in this project have potential for future applications in the development of

new useful substances (such as novel antibiotics, biosurfactants, etc.)
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(¢]

A FFolA FikEso] dojuh= X2 F vl XMt Melbourne, Mt. Rittmann, M.
Erebus, Deception Island)o]™ ©]& A Hor = B & Ao = s thgFs =9 A<
Ato] E&(geothermal sites)o] &A1 E=9 siit&solets S543% #5HAQ JHA =

A3 oA 717t et AEH HAES RS #AS wolst

-

alle

OJE G AolEL IR F3 AXFOE Ao AV YE Fu Wi #AAE
9 AR 8] AP exe} sRol FAHe ANAE Wrtol e} o7} FHAZFE
2o UUd TR AAYBEE ANSE ABTRY Fam o deid AL

1980 ) 28 FANE, vF, olgkelol AFAZe] % AD A= YEA AT
Aom glovt i ol B Mo 2o sxAA AEA A 27, 53 A2
Q3 ZALE2 FAL A3} AEs 2T AANA Ahe AR are] 4

8 whd WNE ) B EW M) YBY ATE YA S8 o] T3,

e~ '% Mt. Rittmann —
i . {

(23 1. 9 E 3abkat 2B 3hake) Ag2 94 5 X d Ao]E A ]

HA BA 7)< g2 37 DNA (eDNA) WEbt=EdY 7)< 9 34 GHA &2
£ A Z2AF ARSI S vAY A E AlE AEiAILF HAl %aﬂiﬂ 7]
oW 2 AUAE EFHT U 71EY dF5FHA
AR yE
A]

ZA
Z(cryptic species)E9] &A1& ot 4 Ja1, Ol%fll deXﬂ AR =

A Apol= B A8, 719, AR Al tF shete] 7hsdk
AR AN AAE S AR b DD 2o AR A, = s
A

o i o no e



T7F FE ol W i Ao AEA A7 AxEE A fle weEbd, F A9 Ad
Al E AEA Aol HA e 21e e AR 387 A] 9 7‘]\“424 01’“& A &

H 2 =de 7lsd &
L = d%

o WHE, YEW s FAT AW ATE IAATE AFAE 3 BAAAE F5
T gout A AolEdlA AE B AFE FuolA SR b Qg

o MY AT AYelA B ATA} WHE S BT FE EF AR F AL BPOE 1
Mok ZIME ol 8% AR BY ATE U] AR F oY 2 A s 478

2803 v} 9l-&(Park et al., 2020).

2. =9 |

o 1980 tiHE 20008t =FRIZFA W=, FHUAE, ojgE ol AFAES FAHLE W
s AE AlESCA 28 AFH 2 & WS T dA7A e, AW E,
ZET o2 RE F A Fo AEAE, 209 F9 ZTf(algae), Al T A=,
10 Fo] X, TEA(thermophile)d} &4 (mesophile)S E3H3F 30¢] F2o] MFE°] &
gl wjek¥ vl dS(Broady, 1984, 1987; Hudson and Daniel, 1988, Bargagli et al., 2004).

o o WHE FET S o2 7 DNA 8AS 53 st =5 53 A
J&E, APGolAol &F3le FHFTE Buolyg FEE7| Hol &3t A= EAE
gelst vl d2(Fraser et al., 2018).

off g2 4 A F AIEE WA EE FE HAE #H A7t “}01 ojFoix. w4
N IEo o8 o ko] 9X)3 Tramway Ridgest €852 5 o2 e
Al F WS o] &3 HAE T B4, EY 259 A Fufel U:}E s 7y 5
Al W3lo] 3 AT/ F2 3 HSoo et al., 2009; Herbold et al., 2014; Vickers et al.,
2016; Noell et al., 2022).

o

ZHo A oy R srloZRE BEH vl d X~ FAL F25HE YAAE &
Mz Bl gt A83tE A7 9-2(Coolbear et al., 1992).
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7}. Pacbio HiFi B Hi-C A/ ¥/ 7|8k A G ALo]E E< W EA

-Mt. Melbourne
o

A
Mt. Rittmann

Mt. Melbourne

HiFi metagenomics

Single-cell genomics

Tedellplate

aff

A

Jx

Ll ,% -
= mﬁ
Aol AbE-¥ 37HA

O "WHE, ZEW it A d AlolE tiy EY WE A w 24
- % ARES EFANIEG Az gE AN PANESH JEE
(Metagenomic sequencing, SAGs, 16S amplicon sequencing 5)& A8 0 24
G Aol E o] EAete A E UEES AdE 7Ades dFFs ARSSh
T3 PacBio HiFi ¢ Hi-C 7|8k DNA A4 7IHS A& o= ok 14
o] g FdA AL Fetavs JRE A= AS HREET
L OWEAE D SAGs B4 AR EFEe ¥F LR 9 olFutd 54
Locat | Site Latitude Longitude Elevatio temsp(:eiiatu Sampling pH ofggﬁic ngrootgln
ion 1D n (m) re (°C) ° date czg)};())n (%)
MMI | 74211930 s | teaearass | 2,669 | 554 | 20212156 0.21 0.032
M(;‘m MM2 | 74°21'19.1" S | 164°4146.2" E | 2,667 439 20214;12'1 5.89 0.02 0.013
2{[;112 MM3 | 74°21'19.5" S | 164°4147.3" E | 2,665 442 2021‘;12'1 5.45 0.9 0.055
MM4 | 74°21'19.9" S | 164°41'48.9" E | 2,662 34.8 2021‘;12'1 5.58 1.59 0.157
MRI1 | 73°2817.3" S | 165°37'06.4" E | 2,291 12.5 2021é12'0 6.63 0.41 0.004
Moun | MRy | xasirsts | tssaroser e | 2201 | 4ss | 2120 q0a | 0es 0.002
R | MR3 | measisss | esaoes e | 2000 | s3a1 | 2021120 607 | g5 0.011
MR4 | 73°28'18.4" S | 165°37'06.5" E 2,290 52.3 2021é12-0 6.15 0.78 0.008




O 7] &xd Alg dd E DNA & 3 veA 5 24

- W E 3 A EE(MMI-MM4)olA DNA % 3 AZs ddskslar, o
of nja] AE:Fo] e Hof H&F DNA F%& 7|EE Al&3lo] 3743 F
3t Long read 74 FdA 97|44 A d8d HA D o]
4= (a9 12, 13). JET 4t Al EE(MRI-MR4)+= 10g9l A +5%¥ DNA

S8 HiFi A1 94 I3 7Hs

1st 2nd
sample 2 DMA(ng/ul) = DNA(ng/ul)
=il g) final Vo!um?a (200ul) totltngl| seilifg) final VoiumS(SUU[}ui) total )
M1 10.104 0.91 182 10.3 0.708 3540
M2 102312 . ] 104 0.0088 44
M3 10212 0.0364 7.28 11.1 0.233 1165
M4 10.398 0.356 712 10.6 0.0367 183.5
3rd 4th
sample i DMA(ng/ul) ; DNA(ng/ul)
il @) final volume {5000ul) fol o)) seil () final volume (5000ul) al )
M1 10.3 0.0283 141.5 T 1.44 7200
M2 11.1 . u u = =
M3 105 0.171 855 11.2 5.26 26300
M4 10.8 0.032 160 ] ] ]

[29 12. &% DNA F= kitE 283 3t A8 AFE® 2 DNA A& 23]

‘;ﬁ_cz‘ KSHac2 J g ] B THae

¥ 2. HiFi A8A 29F ¥ accession number

Reads mean N50 Mean SRA
Sample b(%sbe)s length (bp) (bp) | qual (Q) accession
Mggggfne 28.8 11,808 + 4,112 | 12,959 359 | SRR29483437
R?ﬁ?;lggn 22.5 9,343 + 3,139 | 9770 39.7 | SRR29483436

¥ 3. HiFi A8A 29 % accession number



Total bases SRA Number of Total
Sample (Gb) accession contigs Clusters
Mount
Melbourne 42.3 SRR29496778 20210 ]3
Mount
Rittmann 50.4 SRR29496777 35116 259

7] SR A E 34 oH] A2 A S E shotgun metagenome sequencing ¢
8 % genome assembly, binning #4d& A* Metagneome-assembled genomes
(MAGs)E 931 F4# 7]¥F functional annotation 3. Average nucleotide
identity (ANI) > 95% 7] % 124709 MAGs7}F dojx o, o] F 3} @ Hof A
81%, < @A 93%7F AM=ZE FTAES (2" 14). MAGs W KEGG
pathway 7|5t annotation 23} 20% ©]42] MAGsolA F2 oyA] Atz dAks)
B A4 3 Ak fAAEe] EE (19 15). o= trace gas oxidation¥ Ak
st FAS F3 G535 AAEE AdUAE A, olE @haHe o] &ste] UAHAY
3}

Family level Genus level

H Known B Unknown m Known ® Unknown

(29 14. 47 719 SAHA] MAGsE 2 I (family)¢t Z(genus) #2135 H]&]

CO oxidation I E | Hydrogen oxidation| E | Sulfur oxidation
i '

Ha 2H* : : H

E Hydrogenase E H,S Sulfate i
' ' ( x Ak
] 2e" C QH, | }C QHZC. c i
1 1 S0
Q

.
.

o ¢ /1831 Sl
! .
. .

oxidase

'
Q |
1 Sulfide:quinone
) oxidoreductase

CO dehydrogenkse E E 6Fd(Ox)
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Sphingobium yanoikuyae 1
Sphingomonas aquatilis 4
Sphingomonas glacialis
Paraburkholderia fungorum 2

Total 30 23
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