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SUMMARY

. Title

Preliminary study on microbial ecology in Antarctic lakes based on single-cell analysis

IL.

Significance and objectives of the study

o Achievement of a background research through the preliminary study on the microbial

L

O

O

ecophysiological research in Antarctic lakes based on single cell isolation and whole-genome
amplification technology

Contents and scope of the study
Setting-up of single cell analysis techniques

Research on microbial ecological function of uncultivated Candidate Phylum inhabiting in
Lake Fryxell, Antarctica

Collaboration with SALSA (Subglacial Antarctic Lake Science Access) project and single cell
analysis in Subglacial Lake Mercer

Establishment of the international network for single cell analysis

IV. Results of the study

In order to establish the single cell analysis, this study aimed to isolate the microbial
single cell by utilizing the equipment of KRIBB and KIOST, which have single cell
isolation devices. Optimization of the genome amplification method after obtaining the
microbial single cell was performed by adding lysozyme to the Qiagen REPLi-g mini kit
reagent. However, the flow cytometry devices owned by the two research institutes were
not suitable for single cell isolation that were sensitive to contamination and temperature
and required rapid separation because they were not intended for bacterial single cell
isolation and genome amplification. The single cell isolation and genome amplification are
very sensitive to contamination, so the clean laboratory is needed which can maintain the
clean status of reagents and equipments and block the contamination by air.

Lake Fryxell in the Dry Valleys of Antarctica has a unique habitat, and a number of
bacteria from Candidate phylum have been detected as the major microorganisms. Through
the environmental metagenomics, the microbial community of Lake Fryxell in 5, 7, 9 m
depths was found to be very similar each other, but it of 15 m depth is very different to
others with WMS88 having low relative frequency, while JS1 and other candidate phylum
bacteria were dominant. Water sample at 15 m depth was subjected to single-cell sorting
and whole genome amplification. It is believed that the ecological function of Candidate
phylum bacteria can be inferred in a specific environment through the bacterial single cell
analysis.

Then samples from water columns and sediments in Subglacial Lake Mercer were
applied to single cell sorting and amplifying whole genome. For bacterial identification, 16S
rRNA genes using 27F-907R primer set has been amplified, which showed the highest
efficiency after combination of primers. Through all samples, Actinobacteria and
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Betaproteobacteria are predominant and Gammaproteobacteria, Chloroflexi and candidate
phyla OD1 and OP11 are also abundant.

V. Further Application of the study

o Publication of research papers with the results of microbial ecological function in Antarctic
Lakes

o Further Study on microbial ecology and evolution and establishment of the single cell
genomic center through conducting the main project “Microbial ecological function related
to the biogeochemical cycles in Subglacial Antarctic Lake Ecosystems”
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Abstract. The single cell analysis technology has attracted a lot of attention in
recent years for the research of environmental microorganisms. Single cell analysis
is performed by acquiring each bacterial cell from environmental samples, which can
isolate more than 99% of uncultured microorganisms in environments and analyze
their genetic information. There is no equipment and manpower in Korea to perform
single cell analysis, and the single cell genome analysis center of the Bigelow Marine
Research Institute in the U.S. is the only research institute that can perform the
single cell analysis. In order to establish the single cell analysis, this study aimed to
isolate the microbial single cell by utilizing the equipment of KRIBB and KIOST,
which have single cell isolation devices. However, the flow cytometry devices owned
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by the two research institutes were not suitable for single cell isolation that were
sensitive to contamination and temperature and required rapid separation because
they were not intended for bacterial single cell isolation and genome amplification.
Optimization of the genome amplification method after obtaining the microbial single
cell was performed by adding lysozyme to the Qiagen REPLi-g mini kit reagent. The
single cell isolation and genome amplification are very sensitive to contamination, so
the clean laboratory is needed which can maintain the clean status of reagents and

equipments and block the contamination by air.
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Figure 1. Flowchart of environmental microbiology analysis using single cell genome and
environmental genome data
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Figure 2. Flowchart of single cell separation analysis
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Table 1. Primer list for screening distributions
of isolated microorganisms

Description Name Sequence (5'—3") Refs.

Bacterial full 27F-YM AGAGTTTGATYMTGGCTCAG 33,34

length
1492R TACGGYTACCTTGTTACGACTT 35
Universal i-tag ~ 515F GTGCCAGCMGCCGCGGTAA 36
(targeting 806R GGACTACHVGGGTWTCTAAT 36
V4 region)
Universal 926wF AAACTYAAAKGAATTGRCGG 37,38
pyrotag
(targeting 1392R ACGGGCGGTGTGTRC 39,40
V6-8 regions)
Bacterial 27F AGRGTTYGATYMTGGLTCAG 41
907R CCGTCAATTCMTTTRAGTTT 35,39
Archaeal Arc344F  ACGGGGYGCAGCAGGCGLGA 42,43
Arc915R  GTGCTCCCCCGCCAATTCCT 44
Eukarya Euk528F  CCGCGGTAATTCCAGCTC 45
EukB GATCCTTCTGCAGGTTCACCTAC 46
“Universal’ refers to primers targeting bactera and archaea; for all nenunbversal primers the domain

bacteria, archaea or edkarya is specified.

ddAE EYE A v daAESTAT AN BFSta = BDA
°] FACS Aria MIARI9} b= 3 F7e7]=de] Sony SH800S ZHE Wl EA 3Tt
BDAFS] FACS Aria e A2 oh& 3 3-s AZE3st7] A3 dolAe Ms7E ol
SAl o8 57 Alxze g 8 2 Ut sbestth AF ARV @ Ay 7
b el &£3he TR w1 AR EAd b A 99 2 Als 35 S tg

MEg 2Ao] 7hssd Aol o = FHd 70,000 evente] £E=Z droplet & o]

)

ot

7}&3tth. Sony SH800SEHI= 7]&9 AR Anlel vlwste] e A7 9 A
AFE HoA =ZdoA we sjAo] ¢lom washing, sample loading o] <41 %]

+8 T2 AMEE F2 ATt wS % AY] 80| JHed Aol Atk Iy
W 3 AlEe tig AE 571 doide = gAY 30,000 event/x), AE O-E
g s AEsH] A #olA ST AL A47F Atk
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Table 2. Comparison of single cell separation equipment specifications

BD Aria I Sony SH800S
Excitation 375 nm, 405 nm, 445 nm, 488 nm, 561
. 488 nm, 405 nm, 561 nm, 638 nm

Optics nm, 633 nm
Emission
Onti FSD, SSD, 5 fluorescesce detectors FSD, BSD, 6 fluorescence detectors

ptics
Nozzles 70, 85, 100, 130 um 70, 100, 130 um
Sample
Acquisition 70,000 events per second 30,000 events per second
Rate
Purity and . . . .
Yield a purity of >89%, and a yield > 80% a purity of >89%, and a yield > 80%

T AHE o] gsle] HES F3slr] o]He] AA ThermoAte CountBright™
Absolute Counting Beads for Flow cytometry (C36950) & UYAE o] 835ho] T AE
e A8 T 289 droplete] &3] plated] H2sk= H Aol Hast=A] &elstazt
st o] & YA= 7 ume Bl F JAR dit AAE gA Felo] Jhesta
385-800 nmeoll Eat+= WS W a3 aAS JEA I Qlo] ARloA s YAkl o

B A% 9 Bevt &4 Aol Atk

Y. §3A5ZMDA) 4 3 A

%z7] MDA W A&. 71715 ol&sted @ Aoz &gyl d 96 well
plateel 1) Lysis butter (A2Z-83a <, 400 mM KOH + 10 mM EDTA) 1.5u% &+ %, 2)
9d AlE 277 E o] &3t & Ao wello] @Y AlFS EElste] 50C A 1083t
Aol ME a7t o] FAAER stth Al &3l o|Fol= dREAH O = DNA FF
Aleko 2 4ezl Qiagen REPLi-g mini kitE AF83tth 3) D2 buffer (DLB 55ul +
DTT 5uDE 1.75u% #5 star 38 %, 4) Master Mix(Buffer 725ul + S/ 4 250ul+Stop
solution 87.5u+Enzyme 25u)E ZA|ste] 21.75W% H7Fstar 30T oA 1641759 Hkg
ANZHS 5) &40 FA4E T 9] g F 65C oA 5&3F AA A ZT &Y A+
o] MDA®] Ax= A Azl 16S rRNA geneo] X o7 3¢l ¢t}

M1 MDA % A®. Joint Genome InstituteUGDZF-E MDA <3] W )
st AA) AAA AFANA single cell genomics AT AR AE F3EIaL 0| =+
Bigelow Single Cell Genomics Center®] MDA 43 ®WH-& 5310 Bigelow Single
Cell Genomics Centere] 7Z-9-<l - &3H0.05uc2)e] Aeks FEstA 3317 ¢
st A FRFAHE ARESHAITE A A4l FRIZE FHo JAA 7] wWEel, A

=

§ Aok Aof B g FAht %S el soldPoR b MDA £
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H MLE A"EsAY. Als5A A" M1 BHHS 7] MDA WHel= fle
AANEYFI)E FrIetd o, dd ME F3F HAE&O0E DNA SF AYge=E u
Astal DNA & WH-SAES 641702 AgkstTh 1) Lysozyme (50 U/uDS 96 well
platedl] 3 wW® EF %, 2) G A=x E7I7E ol &3t & M welld] ©d A&
skl 30T oAl 15%3F RFSAIATE o] & Rhg2 @ Alx FF AJ2FQl Qiagen
REPLi-g mini kit AF&3}91.oH, kitel A= o} & 3) 2.5x Lysis buffer (FA1 %%
DLB+DTT 45 w + &% 170 uhE 058 EF3 3 5837 XUk 4) Stop
solutiong 1.275 wl A &sta w8 A=xste] & 5) Master Mix (Buffer 700 pl+Z5F<
202 Wl + enzyme 48 uW)E 16 wl FH7Isted 30C oA 6A17HEQE HESAIZATE 6) WSO
48 H F 49 A4S 97| st ¥ F 70C oA 1023 AA AZHT 9% 5
2 H2ES X3 & G EZ 47715 ol&sted &3 /HA A
Z G322 16S rRNA §AAE oz 21359t
1l§£ 271715 ol &3t @ Al &2 $ MDA

lysozyme #

o]

ke

rr

Jo

S
dS gkt M1 AgwH /\P% /\194: 2 T3 FAHS
2! Lysozyme A|&(Epicentre Lysozyme)< xnlA|sle] MDA <3 ®WH M2E A ®ESHA T
71&9] MDAHWPH-S Lysis buffer®=%= LysozymeS #F3}al
M2 S A3 3 A 9d Ax &8 71719 &5 2 &8 FFS AAsa D Bl
A+ 96 well plateo] @A A& EElstAth. 2) Epicentre Lysozyme(G0U/u)-S T
Aol E& =] & 96 well plated] 1l.6w® 5 &, 204 1583 ¥-§A A
o] & W& A AE FZ A9kl Qiagen REPLi-g mini kitE AF&3l o™, kitol

A=o] 9= 3) 2.5x Lysis buffer (DLB 220 W + DTT 20 uW)= 1.2 w#® 33 3 5
B2 AX39. 4) Stop solutione 1.2 w AHsta wg Axse] & 5) Master
Mix(Buffer 696 uwl + 5F< 216 wl + enzyme 48 uDE 16 wl F7}ske] 30CAA 6A1%F
&< HPO/\ViE‘r 6) BFSo] &5 H ¥ 49 A4S T st ¥E F 70T ol A]

H =

S
3
12 Bl2EE 13 F, SGdAx E477E
=
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3. 2% 4 E9
7h FAIE £87] B BlaEA
S A FstA Ao A HA35kal 1l BDARS] FACS Aria [IE A Ad Ax
ol Holx &+ 22 droplet2 custom plate?] st Y3k ¢ x]o] AHE&sA E2 st
oopdt sh= B AFPS HAsiA dEE Aol Hastg o, Alie ddAEZ 89
A WS BHOE st A9 dRbFolr] W] &8 Al #il Y media Wellvt =
SHAZIH H= BAR dANAE oo tie Aol glo] B2 &M At £8%3
o s Aw] AA|7F Al FSks custom plate AHE ZRES W AW Ao A

of FEF Pro] YL BARA Rie BAS BANY

il

Figure 3. Equipment used in single cell separation analysis in this study. FACS Aria Il of BD
(left) and SH800S of Sony (right) at KIOST.

SonyAre] SH800S “dHl= gh=afd#sr|sd EddA sl Az did A=
d Ege o] &HI A7 wWiZe] EohE EAgle] Al £ o8& F AU
TAHFATY Aria [l FAHlA oJH e AAY custom platee] &2F L A &3
A 2Ao] 7heste] UM E Eefo AT Ao Adsint. o|H Ao AHEH
Fryxell 34 AN&& 33 dv4 33 A5 F 10° cells/iml& AR Ulol] A7 21X

7] W] AE HxEol BAL AT HIH £8HE Aol A1 B FFH o

o rﬂ

RS
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EF YAE ol &5t dYAx 8 AAH F 99 droplete] 3] plate©]
g3l A3 H2Ed A" bead: custom plateE s Au

A ) ‘%—l #AHE Y = Figure 49} 2o] A3 plated] EHsl= 9 x]o I3}
A & AAJTh ol Ax=r wFojE o] GIANZ 2o 4F AV 4

1 A kel celle] & Aol Hetsted FHA FEHFE A F

ANE THsA e W g e How §33 4 ok

Figure 4. SChecking the control counting beads (standard particles) on
the 96-well plate before (top) and after (bottom) drop using Sony
SHS800S.
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& ZAAHA 752 €94

i
9y Az 2y 3 HEFAHO=E positive controlS 11]943} =5
q&

g &9 & o
Z=3)3la] 16S rRNA G714 Y =S =5l sy Ao =

A& &S A Curvibacter lanceolatus, Acinetobacter junil, Sphingomonas melonis,
Caulobacter vibrioides, Aquabacterium, Ralstonia pickettiis ZAQ3tA T olE AT
YA 540 /Hlﬁ T 24 Ao es HHA ES FTREA VIS I A
9} wlwsle] RS ) negative controloll Al HAEHE 2 #FE ARG, E3| 9]

£ 6%0 #F BT 4 5 gl U0 s ogu Aok m: AF/FelA e

3E 3o Wt g Hy|EH BEL oW TAUAME H A A T
D AT 5AHL AgPste] &2ld AT £(Genus)o]thSalter et al., 2014). o] & Uuk
o7 AoF AA LAAY EE F7] T Aol Hstste] T ASE 4
FEUY, AIEE A% 8|4 W(serial dilution) S o] &3t A FE AF A=
Aoz Zg4 59 FHAAN AEH AFEC] UYe ZdA wFojE w Aok
A7 LAHENE MRS Rra AdEnh mEiA ol e A ddAE £ A
d T AFERYH 49 ¥ #50 935 A2 F5 F AT
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Table 3. List of bacteria (red) detected at the negative ’blank’
controls in other studies.

Phylum List of constituent contaminant genera
Protechacteria = Alpha-protechacteria:

Afipia, Aquabacterium®, Asticcacaulis, Aurantimonas, Beijerinckia, Bosea,
Bradyrhizobiwm @, Brevundimonas®, Caulobacter, Craurococcus, Devosia,
Hoeflea®, Mesorhizobium, Methylobacterium®, Novosphingobium, Ochrobactrum,
Paracoccus, Pedomicrobium, Phyllobacterium®, Rhizobium®¢, Roseomonas,
Sphingobium, Sphingeinonass3<, Sphingopyxis

Betz-protechacteria:

Acidovorax™2, Azoarcus®, Azospira, Burkholderia®, Comamonas®, Cupriavidus®,

| Curvibaeter, Delftia®, Duganella®, Herbaspirillum®<, Janthinobacterium®,
Kingella, Leptothrix®, Limnobacter®, Massilia®, Methylophilus, Methyloversarilis®,
Oxalobacter, Pelomonas, Polaromonas®, Ralstonia®S3€, Schlegelella, Sulfuritalea,
Undibacterium?®, Variovorax
Gamma-protechacteria:
Acinetobacter™®", Enhydrobacter, Enterobacter, Escherichia®=9¢, Nevskia®,

Pseudomonas® ¢, Pseudoxanthomonas, Psychrobacter,
Stenotrophomonas®>2<3€, Xanthomonas®

Actinobacteria = Aeromicrobium, Arthrobacter, Beutenbergia, Brevibacterium, Corynebacterium,
Curtobactertum, Dietzia, Geodermarophilus, Janibacter, Kocuria,
Microbacterium, Micrococcus, Microlunatus, Patulibacter, Propionibacterium®,
Rhodococcus, Tsukamurelin

Firmicures Ablotrophia, Bacillus®, Brevibacillus, Brochothrix, Facklamia, Paenibacillus,
Streprococeus

Bacteroidetes | Chryseobacterium, Dyadobacter, Flavobacterium®, Hydrotalea, Niastella,
Olivibacter, Pedobacter, Wautersiella

Deinococcus- Deinococeus
Thermus

Acidobacteria | Predominantly unclassified Acidobacteria GpZ2 organisims
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Figure 5. The photograph of the single cell genome analysis center of the
Bigelow Marine Research Institute (Stepanauskas 2012).

Al
llumina A G718 EX471% 98 4-$ 107019 single cell sequencmgOﬂ o 3

$9,900. https://scgc.bigelow.org/capabilities/service-description/) & % %787] =< 99

o A= 2Fel oEsE BA Qol, YY BHoE YA % A%HoE AT
% Glelol ¥ 49 4495 DY AS THe) BEAL A Anan, € AYE

=

Bigelow L?Qoﬂ " A9 1D AButk H4 1,000709 single cello] thal @Y A
g 2 §FHA FHE Fdse S M A s S 9 $11,400, 2 FEFE #A
A Ag F 1070 A2l g 2AY G714E BA7HA Fdste AS 78S o, A
sy & $21,3002] H]go] WA Aow AAHAT U o] HYH TREZS
o] &3t Y FIHL A-e, D Alsutk H4 1,0007H9] single cellol] ths] @A
e 2 fFHA S FY5ts S HEE W, A8 v & $3,584, 2) FFE fA

b
o
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(sony) (80) =E DR EE O J[LFgRoE T OERD AR A2 AR
S = SEHEIRE 22 Bz e +50, 25, 10 cells ZH= Eels £ BAE iy CHeiH 22
+MDA: He et al +MDAL JGI +MDA: 2%t} MDA 2%t} 2 =2 + MDA- IGI +MDA: JGI
2016 modified 52 S8 61 -Lysozyme B modified v2 madified v2
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Figure 6. Experimental process for method setting of 7 rounds in total.

12 4320183 7€ 169). Glycerol stocke. 2 B 2 Zgd 559 F4
15m A 85E =S| esdolA BFsta 9= Al Sony cell sorter SH800SE
o] -g3lo], 96-well plateo] Aol @AAA EeZ Axstdet € 96712 & 7
Aol thsle] MDA(E$ X8 =Z Multiple Displacement Amplification) WHS Al-&3}
7] #18l Qiagen REPLi-g mini kitE °]&3lo] @ 7HA| & #3A DNAE SZ&tt
MDA9] Fa3 M &3] (cell lysis) @AI= He et al.(2016)S 3t x7] MDA A

IS A" sk

Figure 7. The MDA result of single cell bacteria separated from 15m
Fryxell samples

MDA <3 % A&E2 16S rRNA gene?] V1-V3¢} V3-V4 (Primer 27F-518R3}
357F-806R) H-&<9] FTZF o= T A AlFY EEE st o), 16S rRNA gene
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Figure 8. 16S rRNA gene amplification result of MDA result (left; 27f-518r;
right; 357f-8061)

22 432018\ d 8¥ 17Y). HAA AFANA Aol G MAE EEtA
single cell genomics A7 A¥|=~E 33} A+ v Bigelow Single Cell Genomics
Center®] &8 7249l Joint Genome InstituteJGDZF-E] MDA 48§ ®Ho oiste] &
oJ3te, gtolslg) o= 715 MDA WHMDS A®sIAT. 12k Ao Lysozyme #
g GAMEE Fa)et §AA FF FFELE BAstAh Glycerol stocko. = B #F
Jd =Y 549 4 15 mAEE dFAETStAT A Bt e AHiQl BD
FACS Aria MIE ©]&3l, 96 well plateo] Alw<] ©d 704 E2lstdth. 288 9670
o] & sfAel tiste] Qiagen REPLi-g Single Cell kitE ©]-83t MDAE %33}t

¥ Megative
¥ Positive

Figure 9. Results of MDA M1 of single cell bacteria separated
from Fryxell 15 m sample

MDA M1<=3) & 71 4FE-& 16S rRNA gene®] V1-V9 (Primer 27F-1492R) H-&
o] ZxZog dd A Mo BEgE Festd oy, Al 16S rRNA gened FEo]
A g tHFigure 9). MDA $Z oE5 & /A £ A AT a7t
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Figure 10. 16S rRNA gene
amplification result of MDA M1 product

3z A¥20183 9¢¥ 5¢). JGIoA A|F3d MDA ®H & djol3l Ao =2 A
3t MRS BHMDY ZZ oX 39S 9dte, FAT RS ATFS AL 34
(10% cell, 10* cell, 10° cell) 3} MDAE Z33}5th
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— i . . W
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W Megative

Figure 11. MDA M1 result of serial diluted E. coli

MDA <3 3 1 4SS 1/103% 1/1002 3]43}e], 16S rRNA genee] V1-V9
(Primer 27F-1492R) ¥-}®¢] Z=Z o2 MDA oREZ FeldtgrhFigure 12). =Z49 165
4 A A3l A3 AT H dAskeE A gl

rRNA gene?] 7|4 EE4
102 cell cell 10%cell 10%cell 10%cell 10%cell
ﬂ _!H' : yYvY vyv 2
= ] e - - -
Ll

1/10 Dilution PCR 1/100 Dilution PCR V¥ Negative

Figure 12. 16S rRNA gene (27f- 1492r) amplification result of MDA M1 product
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Figure 13. Results of MDA M1 against multi- or single-cell bacteria separated from the E. coli
(positive control) and Fryxell 15m samples (event per population)

MDA M143) & 7 A= 1/1002 3]4dsla] 16S rRNA gene?] V1-V9 (Primer
27F-1492R) F-&9] FF o2 /A EH&E st or, & 50ME &2 wellst
Wl A4 16S rRNA geneo] FZEH Qo H, Fryxell Al52] th = &Y WA 25 =

o}o
B2 AT
Positive ) Negative
50 event 25event 'Sewvent 1event
=
! — —
i -4
— -
Sample
- 50 event |25 event 5 event 1 event | 50 event |25 event 5 event ievent | 50 event | 25 ewent | 5 event 1 event
—

Figure 14. 16S rRNA gene (27f-1492r) amplification result of MDA products

_29_



5a AH(2018'd 11€ 8Y). A% 34 WHo= MDA MIH Al"ol] st
gRlstR o, 71718 o83 @Y /A £3 & FHAASEFLS HA LUT "=
Single cell genomicse] A I JGIATFHANA A7 i A3 F=AH-
MDA & wotom, Lysozyme(MEY 3t3]) AJefw ]9} Qiagen REPLi-g Single Cell
kite] £9zF& xH3te] MDA WHM)S AE3AT 712 483 MDA t‘“ﬁ(MD
I A FA AR MDA WHM2)E gRlstr] flste, iz o
8}71<< Sony Cell Sorter SH800S©. & 96well plateo] Th =& &Y A —E‘rﬂ% Al
=39t diAFS 3k wellel 5070, 107], IS 8WtE-o0 2 2H|E H& 33 a, Ml
I} M2 o2 MDAE 3 F3stth

Megative Positive 50 event

Positive 10 event Positive 1 event

R T L Rkl B

M1
m2

MDA method

Figure 15. The results of the M1 and M2 methods after separating the £E. coli (positive
control) into multiple cells or single cell (event per population)

MDA M1} M2 <8 3 71 4HES 1/502 3]43Fe] 16S rRNA gene®] V1-V9
(Primer 27F- 1492R) H&9] FZ3}th
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Figure 16. 16S rRNA gene (27f-1492r) amplification result of MDA M1l and M2 method
products
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Table 4. Identification result of the sequencing data from the amplified 16S rRNA gene
(27f-1492r)

Band No. Event No. MDA method Confirmation of sequence
1 Acinetobacterjunii
2 Curvibacterlanceolatus
3 . Ralstoniapickettii
Negative M2 . o
4 Acinetobacterjunii
5 Curvibacterlanceolatus
6 Ralstoniapickettii
7 Escherichia coli
8 50 event M1 Escherichia coli
9 Escherichia coli
10 MIX
11 Uncultured Aquabacteriumsp.
12 Curvibacterlanceolatus
13 Acinetobacterjunii
50 event M2
14 MIX
15 Sphingomonasmelonis
16 Curvibacterlanceolatus
17 MIX
18 Escherichia coli
10 event M1
19 Escherichia coli
20 10 event M2 Curvibacterlanceolatus
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21 Acinetobacterjunii

22 Acinetobacterjunii

23 Curvibacterlanceolatus

24 Acinetobacterjunii

25 Escherichia coli

26 Caulobactervibrioides

27 MIX

28 Acinetobacterjunii

29 1 event M2 Curvibacterlanceolatus

30 MIX

31 UnculturedAquabacteriumsp.
32 Uncultured Aquabacteriumsp.

63t AF (20183 11€ 8). AT 9o Aol SF=2 wello] M2 o] AJof
o7 2% oA Flsly] ko], A4 34 (10% cell, 10" cell, 10° cel) WHo=
- =84 15m Al E0RHDE 53 AF 3 543 M1 M2H)e =

2 102 Cell o 102 Cell e 10° Cell X 102 Cell 107 Cell 10° Cell
_H ”H"H e N W ﬂi] ii"‘""“"““” W & £
MDA method ek

M2 +— |

Figure 17. MDA M1 and M2 results (B; E coli N; negative control) after diluting £ coli and
Fryxell 15 m samples to 10° cells, 10! cells and 10° cells by serial dilution.

MDA M1zt M2 3 & 71 eSS 1/502 343k, 16S rRNA gene?] V1-V9
(Primer 27F-1492R) H-&9] FZ* o2 MDA oHE 3§ Ls}ﬁt}. 7171 AHEStad
52 Ao} 2] 54 dE2Te Aol FFHHA &dth T3 16S rRNA geneo] ¢
g o] 2&1 NEE 3Aste YolE
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Figure 18. MDA results of 16S rRNA gene (27f-1492r) amplification (8; £. coli, N; negative control)

Table 5. Identification result of the sequencing data from the amplified 16S rRNA gene
(27£-1492r)

SequenceDilutionM D Aori in Description note
name value method °"'8 P
#M1-1_27F , Escherichia coli
10° Cell M1 Positive
#M1-2_27F Escherichia coli
Uncultured candidate division JS1Bacterial Diversity in Permanently
#M1-3_27F bacterium  clone  Fryxell_39  16Slce-covered Lakes of the McMurdo Dry

ribosomal RNA gene, partial sequenceValleys, East Antarctica

Uncultured alpha  proteobacteriumBacterial Diversity in Permanently
#M1-4_27F 102 cell M1 Fryxell  15mclone Fryxell_41 165 ribosomal RNAlce-covered Lakes of the McMurdo Dry
sample gene, partial sequence Valleys, East Antarctica

Uncultured Unclassified bacteriumTowards the definition of a core of

#M1-5_27F 16S rRNA gene from clonemicroorganisms involved in  anaerobic
QEDN7DF04 digestion of sludge
#M1-6_27F ) Escherichia coli
10" Cell M1 Positive
#M1-7_27F Escherichia coli
Uncultured alpha  proteobacteriumBacterial Diversity in Permanently
#M1-8_27F clone Fryxell_41 16S ribosomal RNAlce-covered Lakes of the McMurdo Dry
gene, partial sequence Valleys, East Antarctica
1 Fryxell 15m
10" Cell M1 cample
Uncultured Verrucomicrobia bacteriumSUPO5 dominates the gammaproteobacterial
#M1-9_27F clone B7 16S ribosomal RNA gene,sulfur oxidizer assemblages in pelagic
partial sequence redoxclines of the central Baltic and Black
#M1-10_27F Escherichia coli
10° Cell M1 Positive
#M1-11_27F Escherichia coli
#M2-12_27F Escherichia coli
10° Cell M2 Positive
#M2-13_27F Escherichia coli
Uncultured bacterium gene for 16S Molecular genetic monitoring of bacterial
#M2-14_27F rRNA, partial sequence, clone:communities in Manzala lake, Egypt, based
Hados.Sed.Eubac.15 on 16S rRNA gene analysis
102 Cell M2 Fryxell  15myncultured bacterium cloneBacterial, archaeal and eukaryotic diversity
#M2-15_27F sample SS1 B 08 35 16S ribosomal RNAin Arctic sediment as revealed by 16S rRNA
gene, partial sequence and 18S rRNA gene clone libraries analysis
Uncultured bacterium clone JS2_194 . . . . .
) ; —~ | Ubiquitous Gammaproteobacteria dominate
#M2-16_27F 165 ribosomal  RNA  gene, partlaldark carbon fixation in marine sediments
sequence
#M2-17_27F | . Escherichia coli
10" Cell M2 Positive o .
#M2-18_27F Escherichia coli

#M2-19_27F 10* Cell M2 Fryxell 15mUncultured bacterium partial 16SMicrobial diversity in Los Azufres
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geothermal field (Michoacan, Mexico) and
rRNA gene, clone AM1-82 isolation of representative sulfate and
sulfur reducers

Uncultured candidate division JS1Bacterial Diversity in Permanently
#M2-20_27F bacterium  clone  Fryxell_39  16Slce-covered Lakes of the McMurdo Dry
sample ribosomal RNA gene, partial sequenceValleys, East Antarctica

Uncultured eubacterium  WCHB1-81Microbial diversity in a hydrocarbon- and

#M2-21_27F 16S ribosomal RNA gene, partialchlorinated-solvent-contaminated aquifer
sequence undergoing intrinsic bioremediation
#M2-22_27F 10° Cell Positive Escherichia coli

72 A(2018d 129 49). SAAENA Eed @A AT FHA H
o2 A AEE MDA WHo] AgeE stttk =84 15 m A 8EE =3l dH
8}71<<¢ Sony Cell Sorter SH800SE o] &3} 96well platedl] A 2=
off A ] g M) 2 S48 tixTH 3 G ANA E2E A=A
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A 24 Egol 8y 5 A4 MY FRE HPEY P
% A

Q% @5 =gy Y EAdte 35E BE 5 m FAY dLoE €Y Jlon, u¢ 55&
ARAE 7ML o Al @78 T3t EdtojdE] 349 niE T2 4 I4EE vy
So1FQl mAEo] MAsta glgol BIFLH, Ao wEt s vAEo] FojF A=
et 3344 53 Zgd See 5ol AYRAES 7L len, g FEE
+4 URBEE AEHNTD FAFAA EAE T Y 359 WHE L5, T, Ime
B¢ FASt, 1sme #93) oES FdsiNen, 12 WM FtilEsh W whd, JS1
3 329 FE Z H“’"E]“ g AT B} rFI FACSE AH&std Zgd &

T vy I FAE mAEY FH H Aoj2 3 AAFE AT EF A& Y
L=z Eed Ef—%‘@ T4 15me wAEd Bty F T F /AA FF AT oY
5% AAE 20149 5 HEE FoM FPF FAAE 29 2 /FAA F

A2 sPsgh HZE FAA 5T /384 FF 242 T FEE UAEY FAAE A
dato] GdA FAASE £4< FH}AS. FAAA FAA FF2
Ax FRE U= AHLE 752 57T 7 s A2E dEET

Abstract: The lakes that exist in the Antarctic Dry Valley are covered with an average
of 5 m thick ice, and have a very unique ecosystem. Previous studies have shown
that the microbial community of Lake Dry Valley can be the source to very unusual
microorganisms in each lake, and that the microorganisms that dominate the lake
differ depending on the depth of water. Among them, Lake Fryxell has a unique
habitat, and a number of bacteria from Candidate phylum have been detected as the
major microorganisms. Through the environmental genetic analysis, the microbial
community of Lake Fryxell in 5, 7, 9 m depth was found to be very similar each
other, but it of 15 m depth is very different to others with WM88 having low relative
frequency, while JS1 and other candidate phylum bacteria were dominant.
Fluorescence microscopy and FACS are used to identify the form and size of
microorganisms by depth in Lake Fryxell and Lake Bonney. In addition, 15 m of
Fryxell Lake, separated by serial dilution, was subjected to genome amplification after
single cell isolation. The obtained results were compared to the results of single cell
isolation and genome amplification conducted in the U.S. Bigelow in 2014. We also
performed the single cell genome amplification analysis by screening the Candidate
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phylum bacteria from the analysis of Bigelow laboratory. It is believed that the
ecological function of Candidate phylum bacteria can be inferred in a specific
environment through the bacterial single cell analysis.
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AYE BTt EAAT of BANN FYs APERL FEAE AL WA, 5
3| Mol AHEtE A¥o| 743 Fast, AHAE fAE 27ke] Ha gk M

[>

< 305k EtoldE W ¢ vy (Bonney), Z YA (Fryxell), & o{(Hoare), "I

(Miers) ol st A7IEYEH(MCM-LTER, McMurdo Dry Valley- Long-term

Ecological Research)< A|&38tal ot v|=9] A7|RUEE ZEAHEo| Fofste] =2}

ozl W =9 mAE THI YAFSA HolEte] FzAdELS AT =
|

gollle] 550 MR FHE 74 EFUE 0§ 5 vm UWEOI A glgol
]

etz Ry EHEoee 97 798 FdFelt =

uZE g7 R s Sl

53 SAolt. o] FAdAE AAZA MEE dEs VAL UAA e FH F

(Phylum)©] 56.1~81.8%% e ZA5t= o2 BT E3) WMSSS 3umolA 2

HZ v AE] oF 80%E =FA|5HH, JS1(Ca. Atribacter)+= 0.2um ©]goll A 25%°]4 ZA
AT ol @AZMA dEX vAdE AT AY T FERE RAE] /T Bel K

¥ Abglolt). GenBankoll A o] X Fof &3}= 16S rRNA FHAE tido =z 3o
TEE A3 A, olE /E'HXMW-J fF71ES EA4ske vAES e FAS
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Aom diFetdal, AejANAe] =4 =g m¢ Fa3 g & A= AYd
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Figure 19. Biogeochemical and microbial community data in Dry Valley Lake by depth
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2. As %y
7b EgpollE] I AR WAE9 An74 3 Flow CytometryE &3 Al
ZY4d ok vy o] Al AT el B Ax ZEIVIE Basha
A+e =S| sds F=aAHFTAFAANA Sony Cell Sorter SH800Se} BD
FACS Aria 1 A83t9S w, & A9 el A8 Zgd 55 54 15molAq Al
o AAGI v AA BAHAG A1Eo] LA vio] ojFE TP 5] A
o

2 1mlol 10°707F &A6ts Ao 2 9wz 7] wZo o)e} Aoldt AF}E Ho ABE
Agetax 8 dF&dA Efsta e ¥3dAvE(OLYMPUS)# Flow CytometryE
o]gste] =Y Tt F2 AFE YT vty I tiste] Al #ES AAS

ATh

Aol dm7 BAsr] st SEAHAE o HEFHS A= AEE 0.2 um millipore
membrain ZE o] 5~10ml ZEF F DAPI(4’ ,6-diamidino-2-phenylindole) <44 oFS A}
g3t ZH @ HAES 1023 G4 At dA% dHE sl 2~
o AW Set2E2 1A T FFARAL UV stolA 4000 vi&= B&EsiTh =3
Flow Cytometry= ©Y M E2]71719F A7t 2om Mo =719 Jejo wet +
ot AT v EAS 7HAL o, SgAEe] REHY e =9 559
vy 3¢ A8 1 ml& SYBR Gold 100X2 <¢adeld |43 %, BDAMY] Flow
CytometryE o] &3t A3ttt

U Al #3EE 9 F314 &4
A& M HOE Adoj7l M 16S rRNAY 20179 = HAE #3 A59)
o Hln A A& IMES o] 8T 62 T Ax Ey = _,OT;H;‘(]] =z 9o olgs A

olx A#}E A3} positive control ¥ mixed AHE A Qsty F 11F9] AFE o
ol = Ntk oA TAHE At AA ZYA 559 AlRoA Y AR <l
b7 Y3l MAE 3 A5ek vla BAE FYsAT &7 A5 MAE vy #
A AHL 30um 2 0.2 um F 7 FEHE o) &3 ATS A3 AFS 23 wE
stod F 4709 Ao s WPstA T 3 WH-S Roche 454 NGS 971ME £4 %

HIE o] &3] dojxl A4S mothur v1.40.1 =213 % EzTaxon-e (Kim et al., 2012)
A& HolEuo] 2 thafl FRst A #F FERE 4 o] Jhed 9Y HAE &
g 2 FHA FFAA FAHE Aol EAst=A BLASTE sig @71Ads 43k
o} A& siMHo R 53k YA 15 m A5 ‘%%‘Kﬂ?«] 16S rRNAZ ¥} += v]= H]
ZF2 HoA 2014350 3T FAMNEZEY 2 FHA STF F 165 rRNA 5 A}
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Zgd 34 GUANE FAA (SAG, single amplified genome) #4). 20143 #)
=2 Yol YA T 15 m Alsol sty ©d Hx 2 o
sttt weld 9dAl =z 165 rRNA &4 23, 768 71| #2ld ddAl=z & 3F 58
el thste] FAA SFMDA) 23E 53T A FF(MDA)S Qiagen
REPLI-g Mini Kit (Cat. No. 150023)& ©]-&3te] F33tH o #A ZFol lysis buffer=
Gram-positive bacteria®] &3t HZ 3}t th (400 mM KOH, 10 mM EDTA > 50C
10 min) ©]/¢3} o] GdAze FEH= F5ste] FHAV SFHE F 584 Al T
AA7MA BAEA] %2 $HF(candidate phylum) 1771 A&t A 2 HAZF &
llumina MiSeqs ©]-&3% H7|&EAS 913 golBelg] A=t o] &5 At

)

GHA FEL S

mzf“

Table 6. Identification results after single cell separation and genome amplification of
the Fryxell 15 m sample

Query Identity Phylum Genus
AG-174_A15+AF-253 HO06 99.8 JS1 JS1 g




AG-173_004+AF-253_G06 98.7 Proteobacteria Smithella

olN
1

9 HFE DNAE AZ & 100 ngS A OS2 5to] NEBNext® UltralM
Il FS DNA Library Prep Kit for Illumina (Cat. No. E78055)& ©|&3l zlo]2# &
AZs Ak R B kite] WEE £y o PCRE ©] 43 HF DNA
% HAAdA AE T HAE WA Al 20 cycez AsAT. ©] FF PCR
duplicates©] B7]= @3o] Jou HF gholBeg AAzo] FE3] LA Aol
Atk AZE gol B2 2= pooling & SAATATE BHF8EaL = Illumina MiSeq<

S8 AT 97149 42 SRS

Table 7. List of single cell bacteria with full analysis

Query Identity Phylum Genus Bin ID
AG-174_C16+AF-253_E07 91.6 OD1 AB177203_¢g 4
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AG-174_G17+AF-253_B08 | 996 | B3 N slg | 6
©AG-174_J20+AF-253_E08 | 891 | SAR406 | EU266898.g | 18
AG-174_L13+AF-253_G08 | 942 | SARA06 | AF275926g | 8
© AG-174_P10+AF-253_D09 | 967 | Tenericutes | Acholeplasma | 9
 AG-173_A06+AF-253 D02 | 998 | s slg | 11
 AG-173_A18+AF-253_F02 | 834 | op3 | AB015559.g | 10
AG-173_A19+AF-253_G02 | 977 | s slg | 13
 AG-173_DI7+AF-253_E03 | 941 | SARA06 | AF275926 g | 5
 AG-173_E19+AF-253_G03 | 878 | Tenericutes | CU9I7754g | 14
 AG-173_GO8+AF-253_H03 | 975 | s slg | 12
LAG-173.G23+AF-253B04 | 93 | OP8 | AQspg | 15
AG-173_K05+AF-253_A05 93.6 Cloacamonas_p EF031090_g 16
AG—173_N04+AF—253_B06878 .......... R L CU917754_g17 .......

T 17709 B AlFe {FHA FFMDA, Multiple  displacement
amplification)® Aol thate] At F71ME &4 S gholBg g AZfo] FHA &2
37HE AT F 1470 AEY VIS 53t

v.0.36 Z2IME ©] &35t quality-trimming % adapter-trimming= T3t o, 1
A#=2] cleaned raw datai= Spades v3.11.1 ZEZ & ©] 83} contig FHS A=
sttt A8 S Spades ZEI# O] parameter= single-cell MDA o F2J3te] —sc
e A&sted FIPsider 1 A} Lo HF contiggS CheckM v1.1.1
(https:/ / genome.cshlp.org/content/ 257 /1043 ) 21 -& o] 83t 7 A}o|A LRk
ARl Mol B o= 71X 1L U+ single copy FHA7F dub; BHE =R @A)
a3 HEdl WEstES AA F314 7kt MDA #AolA T gl BddE i
H &S oS3kt

52
e

=9 714 €S Trimmomatic

Table 8. Genome analysis using CheckM

Bin # # #marker Complete- | Contami- Strain
Marker lineage 0 1 2 3 4 5+

Id genomes| markers set ness nation heterogeneity
4 | k_ Bacteria |(UID203) | 5449 104 58 30 49 23 2 0 0 60.71 9.87 3.45
6 |p_ Firmicutes| (UID203) | 930 213 118 140 66 7 0 0 0 33.05 1.61 71.43
12 | k_ Bacteria |(UID238)| 2248 125 78 68 56 1 0 0 0 29.17 0.12 0.00
9 | k_Bacteria | (UID203) | 5449 104 58 87 16 1 0 0 0 21.16 0.16 0.00
8 | k_ Bacteria |(UID2495)| 2993 147 91 105 39 3 0 0 0 17.52 0.23 66.67
10 | k_ Bacteria | (UID203)| 5449 104 58 84 18 2 0 0 0 10.82 0.31 50.00
5 | k_Bacteria | (UID203)| 5449 104 58 95 8 1 0 0 0 10.66 1.72 100.00
14 | k_ Bacteria |(UID2565)| 2921 152 93 80 69 3 0 0 0 31.12 1.27 66.67
17 | k_ Bacteria [(UID2495)| 2993 143 89 96 45 2 0 0 0 30.58 2.25 100.00




k__ Bacteria

(UID1)
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Figure 20. Microscopic observations of Lake Fryxell sample

B gA e gA A8 TP 559 15 m AlBIAAE A= BH AFERT
717} @R 2 AgEe] #BEHNeH AAFE 3x10°%el/mz =4 = AT H}H <
ot YA s A AAFY Aole A UERA skt West vy &
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:FYL
East HlY e BE FAqA AldssE & xpol7t A &on, Hi AldTsE
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WLE Cell/ml

5m 3.2E+05
10m 4.2E+05
13m 5.9E+05
20m 6.0E+05

3.5E+05

Figure 21. Microscopic observations of Lake West Bonney sample

ELB Cell/ml
5m 3.1E+05
) 8m 2.7E+05
14m 2.5E+05
17m 3.9E+05
1.0E+06
14m 1?n-1 i |

Figure 22. Microscopic observations of Lake East Bonney sample

Flow CytometryE ©]|&& ZgHd s nly S59 Al NAF . =€
A S4E5m 7m 283 9 mo Alse EAlEte Al Pl AFSE UERS
M, 15 me 459 Alddes A4 o0& FHY Aol Exdte ASE YUERT
(Figure 23).
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Figure 23. Flow Cytometry Observation of Lake Fryxell sample
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Table 9. Bacterial counts of Lake Fryxell sample by using flow cytometry

FRX Gate Count/102pL Events / pL
All 1,440 14
P2 256 2
5m P3 413 4
P4 121 1
P5 561 5
All 893 9
P2 220 P
7m P3 237 2
P4 148 1
P5 227 2
All 763 7
P2 267 3
9m P3 131 1
P4 91 1
P5 207 2
All 3940 38
P2 6 0
15m P3 1105 11
P4 1362 13
P5 1056 10
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Figure 24. Flow cytometry observation result of Lake Bonney sample. (up: Lake West
Bonney, down: Lake East Bonney)

Table 10. Bacterial counts of Lake Bonney sample by using flow cytometry

Count Count

wLB Gate /10201 Events / pL ELB Gate /10201 Events / pL
All 528 5 All 590 6
P1 138 1 P1 87 1
5m 5m
P2 234 2 P2 337 3
P3 20 0 P3 44 0
All 744 7 All 793 8
P1 133 1 P1 183 2
10m 8m
P2 469 5 P2 450 4
P3 23 0 P3 31 0
All 708 7 All 635 6
P1 185 2 P1 47 0
13m 14m
P2 315 3 P2 281 3
P3 22 0 P3 33 0
All 18905 184 All 652 6
P1 2 0 P1 6 0
20m 17m
P2 264 3 P2 319 3
P3 14677 142 P3 53 1
All 4593 45 All 1566 15
P1 2 0 P1 0
30m 30m
P2 161 2 P2 142
P3 2796 27 P3 554 5
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AmARE Ael AAS AS AL wssA etk e 2h0 2
= Apo| =28 At AFety] el Ay 19 VAE Er HAYBIe FRol

. Al #372AE 85

A& FAYPGA 48 2= o7 FIAFY 16S rRNA9 201795 v A&
T Ao vm A AL MY o FHA FF F 165 rRNA 538 A3 F
1159 Alxt 7bedl 9Fo] 34 Algel g s o3 F71AFE 4824 25 F
AEPom WA HE GA o AE FF FERE WGeE A E eyt 9F9)
Al 7Fedol= Wl okAl candidate phylume 2 &2 JS1o] 2% =3t o] 3lon,

o|Jell Lentisphaerae, Chloroflexi, Deltaproteobacteria, Actinobacteriadll 43+ F°| &

AEth ol s ATelA fFAE W A% HAPPS ol &7 63 ©A AZ B o
FRAA 2F AR ZHW 55 AR 2PIA BE wd ALt gy F
9 7oz o,

Table 11. Identification results for 16S rRNA gene from single cell bacteria obtained by serial

dilution method. Those obtained from the microbial community data were marked in blue.

Dilution Total Query Identi  Accessi EzTaxon EzTaxon
note
value score cover ty on Phylum Genus

#M1-3_2 KP8628 Bacterial Diversity in Permanently

7F 2013 100% 99% 941 Ice-covered Lakes of the McMurdo JS1 Sl g
’ Dry Valleys, East Antarctica
_ 102/ul Bacterial Diversity in Permanently Rhodobacte
7#12/[1 42 1631 100% 98% 19(2}3 ?628 Ice-covered Lakes of the McMurdo g;;é}tlsgzoteo raceae_uncl
’ Dry Valleys, East Antarctica assified
#M1-5_2 Cugzes ~Lowards the definition of a core of g e GUII2195_
1181 100% 93% microorganisms involved in anaerobic
TF 80.1 - ae g
digestion of sludge
. Bacterial Diversity in Permanently Rhodobacte
AMIB2 o1 1286 100% 9% 9028 e covered Lakes of the McMurdo  PPAPOIOieae uncl
TF 92.1 . bacteria o
Dry Valleys, East Antarctica assified
SUPO5 dominates the N A GQ259262_
#M1-9_2 KC4928  gammaproteobacterial sulfur oxidizer Lentisphaer i
101/ul 1629 99% 95% . . . g_unclassifi
TF 78.1 assemblages in pelagic redoxclines of ae ol
the central Baltic and Black
#M2-14_ o 0 AB3550  Molecular genetic  monitoring of . AY548942_¢g
27F 102/l 1572 100% 1% 84.1 bacterial communities in Manzala lake, Chioroflexi _unclassifie
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#M2-15_
27F

#M2-16_
27F

#M2-19_
27F

#M2-20_

7R 101/ul

#M2-21_
27F

1663 100%

1925

100%

1607 100%

1711

100%

1803 100%

95%

99%

99%

99%

99%

EU0509
37.1

KR8249
68.1

HF6775
411

KP8628
94.1

AF0505
72.1

Egypt, based on 16S rRNA  gene
analysis

Bacterial, archaeal and eukaryotic
diversity in Arctic sediment as
revealed by 16S rRNA and 18S rRNA
gene clone libraries analysis

Gammaproteobacteria dominate dark
carbon fixation in marine sediments

Microbial diversity in Los Azufres
geothermal field (Michoacan, Mexico)
and isolation of representative sulfate
and sulfur reducers

Bacterial Diversity in Permanently
Ice-covered Lakes of the McMurdo
Dry Valleys, East Antarctica

Microbial diversity in a hydrocarbon-
and chlorinated-solvent-contaminated
aquifer undergoing intrinsic
bioremediation

Lentisphaer
ae

Deltaproteo
bacteria

Escherichia

Js1

Actinobacte
ria

EU050937_g

Desulfobact

erium_gl

coli

iSlg

AF050572_g

Table 12. Microbial community result of 16S rRNA gene of single cell bacteria obtained by

serial dilution method. The corresponding phylum to the result of 16S rRNA identification was

marked in blue.

Phylum Frx15_L1_02 Frx15_L1_30 Frx15_1.2_02 Frx15_L2_30
AY345499 p 0 2 0 0
Acidobacteria 0 0 0 4
Actinobacteria 181 21 33 172
Armatimonadetes 0 0 0 19
BRC1 0 0 0 6
Bacteria_unclassifi

306 35 48 208
ed
Bacteroidetes 34 16 8 78
CU922841_p 56 41 32 68
Caldiserica 3 0 0 10
Caldithrix_p 2 0 0 0
Chlorobi 2 0 0 0
Chloroflexi 51 7 14 148
Cloacamonas_p 105 0 22 129
Cyanobacteria 0 0 0 6
Elusimicrobia 10 0 0 0
Firmicutes 23 17 7 58
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GNO02

GN04
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Figure 25. Microbial community analysis result of 4 samples in the Fryxell 15 m

sample
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Zgd 34 1om A 8e 9d AZ 22 2 #FAA 5F F 165 rRNA 54 2
. 20149 =0 HEE oA TP =Y 16 m A5 T MxE B8 E fFA
=% % 165 rRNA 548 A=, 768 7lo &2 Al 7F2d F 58F] e dx45 <
T AN T WES 9 Ao A& N AHeA FEEH TBE ATEol
ZEEo] AR I+ Fx AFHAE= 7€ DA o= A= i}olﬂ 3
Proteobacteria 2] #(phyla)oll thalA = Hl<=3 vl &2 YEY= A&
o} o] g A= 16S rRNAE O o 2 3= PCR-based sequencingo©] %Oﬂ et o=

AE TF HEFES 7HA7] dEQ] AR AAZY. A& Ao r FElE A4
ZZgo] FAHP AFEo] o AFJdAE 70% o) LAHE AOFE {3 E
e ARdolA =Y 37 A5 THA EEd 9l A2t AR eRE FXEH
Aoz ®eTh

Table 13. 165 rRNA gene identification result from the single cell isolation and genome

amplification of the Fryxell 15 m sample

query identity evalue Phylum Genus
AG-174_A15+AF-253_H06 99.8 0 JS1 JS1 g
AG-174_B13+AF-253_A07 91.4 0 Tenericutes GU196243_g
AG-174_C06+AF-253_B07 87.8 0 Tenericutes CU917754_g
AG-174_CO7+AF-253_C07 97.1 0 Chloroflexi Pelolinea
AG-174_C08+AF-253_D07 99.7 0 JS1 JS1_g
AG-174_C16+AF-253_E07 91.6 0 OD1 AB177203_g
AG-174_D21+AF-253_F07 94.1 0 SAR406 AF275926_g
AG-174_E20+AF-253_G07 97.1 0 Proteobacteria Desulfobacula
AG-174_E22+AF-253_H07 97.1 0 Chloroflexi Pelolinea
AG-174_F14+AF-253_A08 98.2 0 Chloroflexi GU553783_g
AG-174_G17+AF-253_B08 99.6 0 JS1 JS1_g
AG-174_118+AF-253_C08 98.4 0 Bacteroidetes FJ437992_¢g
AG-174_J06+AF-253_D08 87.8 0 Tenericutes CU917754 g
AG-174_J20+AF-253_E08 89.1 0 SAR406 EU266898_g
AG-174_K07+AF-253_F08 99.8 0 JS1 JS1 g
AG-174_L13+AF-253_G08 94.2 0 SAR406 AF275926_g
AG-174_NO04+AF-253_H08 93.6 0 Cloacamonas_p EF031090_g
AG-174_013+AF-253_A09 99.7 0 JS1 JS1_g
AG-174_016+AF-253_B09 88.2 0 Firmicutes GU303975_g
AG-174_P04+AF-253_C09 88.7 0 Tenericutes GU196243_g
AG-174_P10+AF-253_D09 96.7 0 Tenericutes Acholeplasma
AG-174_P18+AF-253_E09 94.2 0 SAR406 AF275926_g
AG-174_P19+AF-253_F09 99.1 0 Proteobacteria AM745130_g
AG-173_A06+AF-253_D02 99.8 0 N JS1_g
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AG-173_A16+AF-253_E02
AG-173_A18+AF-253_F02
AG-173_A19+AF-253_G02
AG-173_B13+AF-253_H02
AG-173_B20+AF-253_A03
AG-173_C04+AF-253_B03
AG-173_C08+AF-253_C03
AG-173_D08+AF-253_D03
AG-173_D17+AF-253_E03
AG-173_E11+AF-253_F03
AG-173_E19+AF-253_G03
AG-173_G08+AF-253_HO03
AG-173_G14+AF-253_A04
AG-173_G23+AF-253_B04
AG-173_119+AF-253_C04
AG-173_J02+AF-253_D04
AG-173_J03+AF-253_E04
AG-173_J16+AF-253_F04
AG-173_J17+AF-253_G04
AG-173_K03+AF-253_H04
AG-173_KO5+AF-253_A05
AG-173_K16+AF-253_B05
AG-173_K23+AF-253_C05
AG-173_L06+AF-253_EO5
AG-173_L13+AF-253_F05
AG-173_L17+AF-253_G05
AG-173_L21+AF-253_H05
AG-173_MO03+AF-253_A06
AG-173_N04+AF-253_B06
AG-173_N06+AF-253_C06
AG-173_N19+AF-253_D06
AG-173_N23+AF-253_E06
AG-173_002+AF-253_F06
AG-173_004+AF-253_G06

94.2
83.4
97.7
99.0
98.4
100.0
98.4
98.0
94.1
97.2
87.8
97.5
97.2
93.0
94.1
99.1
98.7
87.8
96.7
94.8
93.6
96.9
98.7
80.8
93.6
80.8
96.7
98.7
87.8
98.7
99.1
98.4
98.7
98.7

O O O O O O O O O O O O 0O 0O oo oo o o o o o o

O O O O O O O o
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Figure 26. 16S rRNA gene identification result from the single cell isolation and
genome amplification of the Fryxell 15 m sample
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A A A Aol ARE Qos)y] MEe] FEE AL U FEE S
AFy, 717 HA dFEE EdE 13 8FS ASToE EFsty R A EHA &
o AW SF AFUIAE 4 A F FY 9% DNAY 299 hsAel o]
A a9 AFHo] ofd FAAA FHA FF HAPS FASHA 2HESE &HF
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Figure 27. Percentage of the restored genome after MDA of the single cell isolation
from Lake Fryxell
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4:0D1 AZ2] A$ EY HE (60.7%) whH] 487 kbe] contigE €& & JAow A
FAA 9 o Alo]ZE= 802 kb7 2 Ao R A4kHTE o]l 7|Eo oAEH OD1 R
FAA =27 94 K 1 Mo} FARSHE 71 WEe AuEH Sdd contigoll A o
ZAA 538709 FAAE 7H2u o 40%<] 214709 A A tE] 7% Ao 7}t
o™ TCA cycle 59 F8 WA AAe #AE FHAEC] AFE AoEo] Jdx
DNA 4, B4 2 fAo #HH F1AE3} chaperone protein Aol AHH
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WA QL tA RS SHA gl ol FollA AR TPHeAY B TE %%iﬂ el A &
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A 3d WAZ HEANE ZFAY GIAXL FHA £ F&
- SALSA (Subglcail Antarctic Lake Scientific Access) %<

8o @5 Wsl B9 FAHAE Hotstr] 97 v=9 SALSA ZE2AEZRE WA
3% MEAZ 34 F NE 433 HIE NE 63S FHEAT HEAZ 55 1070
A12E& BD A9 cell sorter& o] 83ld Z+Zk 384 well plate 1718 GdAMEZEA S HA
sttt £E3 9 dAPES dZYQ] Yoz AEHS £33 F Equiphi2d &
AF o]&3ld HF 10uZ2 FAA ZZ(WGA, Whole-Genome Amplification)S 4-3)3}
QoH, & 243171 Z (WGA, Whole Genome Amplification)E it} Hl¥E SAH L 9
3td, 27F-907R =Zzto]w AHEE o] &3}l 16S rRNA FAAE FZ3ct. 44&d ¢
714 8L EzTaxon-e E|oJEH|o]AE 7Moo g2 FAHS F3PsH ) Actinobacteria}
Betaproteobacteria”} 7F3 $d3Fod, EAIE 0.2um "|PilAdE F2  candidate
phylagl ~ OD1¥} OPlle] $H3Hoh. 0.2um oY EARGHE F=
Betaproteobacteria, Actinobacteria, Gammaproteobacteriaz7} @3}t HH HIE=
2~8cm ZoJo| A= Actinobacteriazl @23 $-HA3FH o 0-29} 8-10, Catcher slurry Al
S A= Actinobacteria, Betaproteobacteria, Chloroflexiz} @& = o] o4 Q= vt
n| A Eo] WAFHA.

Abstract. The SALSA project in the United States to identify the aquatic ecosystem of
the Antarctic Glacier Plains has acquired the four samples of Lake Mercer and the six
samples of its sedimentary soil. Total ten samples of Lake Mercer were analyzed by
using BD’s cell sorter for a single cell analysis into the 384 well plate each. The
isolated single cell bacteria samples were lysed their cell walls with alkaline solutions
and performed to a final 10 ul of whole genome amplification (WGA) using Equiphi29
enzymes, resulting in a total of 2,431 amplifications (WGA). For isolated and amplified
bacterial genomes, we performed a 16S rRNA gene-based sequencing analysis using
conserved primers of 27F (5-AGA GTIT TGA TCM TGG CTC AG-3) and 907R
(5’-CCG TCA ATT CMT TTR AGT TT-3’) primers. The idenfication of amplified WGA
results was conducted by BLAST Search using the EzTaxon-e database.
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1L A&

YAE WEAZE. "5 WISSARD(Whillans Ice Stream Scientific Access
Research Drill, 2009~2015)%} SALSA(Subglacial Antarctic Lake Science Access,
2018~2020) TE2AES Gt Aot Wt FUY FAHAE Fotste] AUt AF
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Figure 28. The location of the first Subglacial Lake Whillans (SLW), the second
Subglacial Lake Mercer (SLM) and the Grounding Zone (GZ) (left), ICESat, GPS and
CryoSat-2 data (right) from 2004 to 2014 published in Siegfried et al., (2014)

HEZMZ 45 Whillans Ice Streamol] | 93ly, vl=2 ol Z¢ o] S5 AAH
o] a1 FHole A= T W7t 52 o] FA EH S0 WA S o
ok 108 (el gt AF/AINY 837712 FHT7F = A8 AAA A
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1/3/2019- 1/17/2019
Borehole / Sclops  1/25/2019 - 2/5/2019

10/1/2018 - 11/20/2018 12/2/2018 - 12/20/2018 Shuttle to Camp 20 2/4/2013-3/3/2019
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AL — N
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Figure 29. Master plan of the exploration for Subglacial Lake Mercer in the season
2018/2019
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2. 45 5 Y
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Table 14. Samples from water column and sediment in Lake Mercer

Sample No of
Name Details
Type Samples
LV catcher slurry sediment Sediment taken off the bottom of the water filtration vehicle. Mixture from all filtration deployments 3
VA S0 | vt Wi ke o the Tt et ilion eployment i ey dbove e 30 um e 11|11 311
LV L3008 um | water | Water taken from the first water filtration deployment that was between the 3.0 and 0.8 um filters | 3.
LV #1 0.8-0.2 um water Water taken from the first water filtration deployment that was between the 0.8 and 0.2 um filters 3
""" LV #1 <02 | water | Water taken from the first water filtration deployment that was below the 0.2 um filer | 3 |
" MC:IB 0-2cm | sediment | Multicore 1B is from the first multicoring deployment, column B 0-2 cm below the sediment surface | - 2 ]
" MC-IB 2-4cm | sediment | Multicore 1B is from the first multicoring deployment, column B 2-4 cm below the sediment surface | - 2 ]
" MCIIB 4-6cm | sediment | Multicore 1B is from the first multicoring deployment, column B 4-6 cm below the sediment surface | - 2 ]
MC-IB 6-8cm__ | sediment |  Multicore 1B is from the first multicoring deployment, column B 6-8 cm below the sediment surface | 2 |
"MC-TB810cm | 'sediment | Multicore LB is from the first multicoring deployment, column B §-10 cm below the sediment surface | 2 |
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Cell sorting

Figure 30. A scheme of single cell isolation by FACS (left) and images of water (top) and
sediment samples (bottom) from the Lake Mercer (right)

BD A9 cell sorterEs ¢| &30, & A& 483 HAE A7 64 thsty]

Z} 384 well plate 132 E4313th ol 384 wellel 7|2 TE buffer 60nl% &3}

94d A B2 E FEHR oM, 371+ positive well(10 cell drop), 6471+ negative
well(no drop) 18]l 3177) wellol&= T 7jAe AAAZE Eestoth

FACS®] ZA-¢ mAEo] 10° cells/mlo] HFH o2 AEE BA317] Aol AlE &

\'J A3

E A3t F=sAY A4S AAHE AFY. &5 = AEE McClanesS £319
nNAES dFdA 537 WEo 384 well plate 1715 E&8sted & o8&l

ol MYstATh. a8y HHES AL vAE AAFIE 10 cells/gSE  detection
limitel] i AT ARl 22 L8250l (30% ©l4) LV cather slurryAl =2}
MC-1B 8-10cm Al &= 384 welle B5F A¢-A Xttt 223 @d dajd=2S 4
el &Aoo g2 MEHS 33 F Equiphi29 polymerase®} Equiphi29 reaction buffer,
dithiothreitol, dNTP, random heptamers, SYTO9E X7} FHTE HF 10ul §F S
gttt 2EE @dAER o] EFEL 45T 1211647 T SFE F, 75T
ANA 158 B FFH FAAY dASE AX FHA FZFH(WGA, Whole-Genome
Amplification)= 53t

-/

Table 15. The specification of WGA reagent
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Equiphi29 Thermo Fisher
polymerase 0.2 0.2Uul scientific 10U/l
Equiphi29 reaction Thermo Fisher
buffer 1 X scientific 10X
o . Thermo Fisher
dithiothreitol 1 10mM scientific 100mM
dNTP 0.4 0.4mM NEB 10mM
(two 3’-terminal
random heptamers 40uM In%%%ieggﬁ) ]i)eI\SIA phosphorothioated
g nucleotide bonds)
SYTO9 0.2 1uM Thermo Fisher 5mM (50uM)
DDW up to 10

MA2] 165 rRNA 7|¥F &A. LoCoSEA4 o] Ay 3

H| 85 A7sl7] st BE Ao tiste] 16S RNA genes OS2 PCRe

= T

15,000 =

Ye APsidtt. F44 $F A4=2 54
o

wE zetolrle] 2FE AR

Table 16. The primer list for 16S rRNA gene sequencing

Name Sequence (5’->3") Description

_________ 2TF ...\ A 1SR SATGARLNPAGO CTEMS NB\ Bacteria full length
1492R TAC GGY TAC CTT GTT ACG ACT T

"""" 337F | GAC TCC TAC GGG AGG CWG CAG | 7777

"""" 38R |  GCT GCC TCC CGT AGG AGT

"""" 518F |  CCA GCA GCC GCG GTA ATA CG _

"""" SToR T GEA TTA GGG GGG ¢k erg T Bacteria

"""" 785F | GGA TTA GAT ACC CTG GTA

"""" 907R |  CCG TCA ATT CMT TTR AGT TT

"""" 2AFb | TTC CGG TTG ATC CTG CCG GA | 7

------------------------------------------------------------------------------------------- Archaea full length
U1406R GAC GGG CGG TGT GTR CA

SIS GG VEA GO GO 660 G AT
806R GGA CTA CNV GGG TWT CTA AT

R AGUTAC GO GG AG T
1391R ACG GGC GGT GWG TRC

ANWE F AP

= O
A=EE

A% 97 =etoln AES AT

= O
AEE

23k 174 2

zgtolm ME, T18al Al 1A BT HEo] e 270 Ztolm A Eof tist
THEAL AHIS(PCR)E FhstAtt zZetolm MES 93 H2EE LoCoSE
PSP B A8 LV#] 0.8-0.2 moll A 2442 1/100= 3]48ta] Sa3hskd).
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27F-338R

27F-513R

27F-907R

337F-907R

] S18F-907R b
. 518F-1492R

785F-1492R

2AFb-U1406R

787F-1391R

S15F-B06R
2aFb 337F 515F 785F 907R U1406R
27F 3388 s18F 787F 13918
s19R 1 1
806R 14928

| Bacteriadetection __________
Archaea / Bacteria or Archaeadetection

Figure 31. The primer sets for 16S rRNA gene amplification

A 7HE 52 T3 &5 Bl 27F907RAIER F 31708 Y MAE

FstAt. 48 9714 €2 EzTaxon-e T oJEfu]o] 2=
=
[¢]

g3ttt
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3. 23 ¥ =9
7t QIR E Y/ A

HE2AZ2 34 107] A& thste] 28 @Y vAEY FHAE £ 243170
%% (WGA, Whole Genome Amplification)®| ¢l o™, B+ 243717} SZEHAY. = Al
29 LV#1 0.8-0.2ume] ¥4 plate= LoCoS™ (Low Coverage Sequencing)s 2l 3)&}o]
@ A A FFol et 1Al ~3Ed A4S P8t LV#L 0.8-0.2
mA 5 3I7TNAIE st 2647071 SFoll AE3tR e, LoCoS 23, CheckM Z=
O o] &ste] FASIAS W 115719 Al 670 ATl AFHAT 12y 16S
RNA gened F 244 oA HEH FAH3A

LV Catcher slurry LV#1 <0.2 pm

LV#1 0.2-0.8 im LV#1 0.8-3.0 ym

Jo T —
yE

Figure 32 The results of whole genome amplification (WGA)

. vAE FHFR
LoCoS TM®| Aol Alet3 aAeto] 5 AEH K welld 2439 /WA=
G o2 stk Mlet& 27F-907Re| ZF oA 1574 SFH o 7M =& 5% &
&S B (£ 17). WetA wEANE SR 2y @ Ao s4S g Zgo
T 27F907RE AE3t fxdA SEH 3170389 MAE dFSZ 165 rRNA
gene(27F-907R)& PCRS ST 5% A= T 87I/MAS F7IAES SR
EzTaxon-e Hlo|EH|o]|2~E &-83}4] BLAST SearchE 733t TAHSIAT}
87171l gk 165 rRNA Al =l WElsEo] Actinobacteria’} 4007 &2 744
o] AZHUA, B2 =2 Betaproteobacteria’} 1895, Gammproteobacteriark 407 S
2 $43dt. Eolgk & OD1, OP11, GN02, WS5 TM7, SRl 52 %
(candidate phylum)°] oGl = teFsiAl A=HAo. oldot. A9 +H 4
02um ©]3te} ool &Ads] Gl #EEHATE 0.2um ©|tll A= OD1¢] 583, OP11

flo Hd
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o] 11%, Actinobacteria’} 118¢] $H3t= HE  02um oldodAes F=
Betaproteobacteria, Actinobacteria, Gammaproteobacteria’} -3 3IATH EZHES AR
= F MY cluster’} #F HJ+=d, sFHY clusterol = 24, 4-6, 6-82 BAS+= F=
Actinobacteria’} 90% ©]%¢ $%3l3, TS E  Betaproteobacteria, Acidobacteria,
Chloroflexi7} 2 AZH ATt o2 st clustere= 0-29F 8-10, CS7F AR +3 &
B+, 7]l A& Actnobacteriat= F 50%2] Hl-&-& A}A|3}aL, Bacteproteobacteria,

Chlooflexi’} A& o2 thAh =& HE&S HYth

3 17 Amplification test result of 16S rRNA gene using different primer sets

27F- | 27F- 27F- | 27F- | 337F- | 337F- | 518F- | 518F- | 785F- | 2AFb- | 787F- | 515F-
Sample | | 4oor | 338R | 519R | 907R | 907R | 1492R | 907R | 1492R | 1492R | U1406R | 1391R | 806R

RO e e
K02 | . O 1.0 .. O ... O 1.0 | O 1. O 1.0 ] O e 0 O..]
RO e e e
RO e e e e
KOS | O 1.0 |.... Ol 0. 1.0 .. Ol O 1.0 ] O 0 0.
KOO e e
JKOZ O Ol 0 1.0 ... Ol O 1.0 ... O ] 0.
JKO8 O O 1.0 .. Ol O 1.0 . ].... O ] 0.
RO e e LN NSRS FEUSTU AU
JKIO L0 O ... O 1.0 | O 1. O 1.0 ] O ] O..]
JKLL O L O 1.0 .. Ol O OO 0.
R e O b
CRIB OO OSSN FOUORTTUrY USROS VUTSUTUOTY ISUTOURII UV
K14 O O L0 .l O ] 0.
RS e O e e
RO e e e e
KL O 0. 1.0 |.. Ol O O] O...
K18 | O 1.0 .. O ... O 1.0 | O 1. O 1.0 ] LS F SR O S B O..]
CKIO O e e O e
K201 O 1.0 ] N 0. 1.0 .. Ol O OO 0.
JR2L o O e O e
JK22 O e e e
R e e e e
K24 o

Al 4 12 7 15 11 9 11 9 10 5 10
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3 18 Taxonomy of 24 cells based on LoCoS results by CheckM and SSU and 16S rRNA genes amplification by EzTaxon
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drop

NA
NA;unresolved

NA:unresolved

k__Bacteria;p_Actinobacteria;c_Actinobacteria;o_Nitriliruptorales;f_Nitrilir
uptoraceae;g_Nitriliruptor;s_Nitriliruptor_alkaliphilus

k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhodospirillales;
f__Acetobacteraceae;g__Granulibacter;s__Granulibacter_bethesdensis

NA;unresolved

k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Methylococcal
es;f__Methylococcaceae;g_Methylobacter;s__Methylobacter_tundripaludu
m

NA;unresolved
NA;unresolved

k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;unresolved

NA;unresolved
NA

NA;unresolved
k__Bacteria (root);k__Bacteria

NA

k__Archaea;p__Thaumarchaeota;c__Nitrosopumilales;o__Nitrosopumilales;
f__Nitrosopumilaceae

k__Bacteria;p__Cyanobacteria

k__Bacteria;p__Chloroflexi
NA;unresolved

NA:unresolved

k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;unresolved

NA
NA:unresolved
NA

NA

k_Bacten'a;p_quanctomycetes;c_Planctomycetacia;o_Planctomycet
s_?

alesif_%g_ %
no SSU regions found

no SSU regions found

k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhodospiril
lales;f__Acetobacteraceae;g__Acidocella;s__?

no SSU regions found

no SSU regions found

no SSU regions found
no SSU regions found

no SSUs were classified

no SSU regions found
NA

no SSU regions found
no SSU regions found
NA

no SSU regions found

no SSU regions found
k__Bacteria;p__Chloroflexi;c__Chloroflexi_Subdivision_10;0__SL56_ma
rine_group;f__7:g_ s

no SSU regions found
k__Bacteria;p__Actinobacteria;c__Actinobacteria_(class);o__Frankiale
s;f__Sporichthyaceae;g_ ?;s__?

no SSU regions found

NA
no SSU regions found
NA

Bacteria:Planctomycetes:Planctomycetacia:Planctomycetales:Planctomy
cetaceae:EU335333_g:EU335333_s:

Bacteria:Proteobacteria:Alphaproteobacteria:Rhodospirillales:Acetobacte
raceae:AJ292609_g:EF516844_s:

Bacten‘a:Proteobacteria:Gamma}t))roteobacteria:Methylococcales:Methylo
monas_f:Methylobacter:Methylobacter_tundripaludum:

Bacteria:Proteobacteria:Betaproteobacteria:Burkholderiales:Comamonad
aceae:Polaromonas:Polaromonas_aquatica:

Bacteria:Proteobacteria:Betaproteobacteria:Gallionellales:Gallionellacea
e:Nitrotoga:Nitrotoga_arctica:

Bacteria:Proteobacteria:Betaproteobacteria:Gallionellales:Gallionellacea
e:Nitrotoga:Nitrotoga_arctica:

Bacteria:Proteobacteria:Betaproteobacteria:Gallionellales:Gallionellacea
e:Nitrotoga:Nitrotoga_arctica:

gggteria:OPl1:DQ404773_C:DQ404658_O:DQ404658_f :DQ404658_g:DQ837
_s:

Bacteria:Firmicutes:Bacilli:Bacillales:Bacillaceae:Bacillus:Bacillus_subtilis:
Bacillus_subtilis_subsp._inaquosorum

Bacteria:Chloroflexi:GQ396871_c:GQ396871_0:GQ396871_f:GQ396871_g:
GQ396871_s:

Bacteria:Chloroflexi:GQ396871_c:GQ396871_0:GQ396871_f:EU803902_g:
EU803902_s:

Bacteria:Actinobacteria: Actinobacteria_c:Planktophila_o:Planktophila_f:
Planktophila:AQUB_s:

Bacteria:Proteobacteria:Betaproteobacteria:EU786132_o:EU786132_f:EU
786132_g:EF520485_s:

92.39

96.33

98.44

97.87

96.57

96.34

90.91

99.88

98.29

98.42

97.93

96.93
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MNKB12 (6), Firmicutes (5)
Elusimicrobia (5)
Cyanobacteria (1)

165 rRNA tree of
871 cells from 10 samples

o “\,-_o-’ Chiloroflexi (55)
s g

Actinobacteria (400)

Verrucomicrobia (2)
Cyanobacteria (1)

Gemmatimonadetes (1)

oD1 (72)
oP11(12) :
GNOZ(4) (¥ ’ § ,
WSS (4) & ¢ [™ Alphaprotecbacteria (21)
TMT (3) z
SR1 (1) _

Bacteroidetes (10) Daltaprotesbacteria (5)

Planctomycetes (3)

Figure 33. Phylogeneitc tree for 871 cells from 10 samples

-

2-4 6-8 <0.2 >3.00.2-0.80.8-3.00-2 8-10 CS

5 10 0 2 2 2 2 1 3 - Acidobacteria

11 12 21 12 U880 20 |85 - Actinobacteria
2 4

4=

1
&
2

3 1 3 1 1 4 2 1 = Alphaprotecbacteria
i 0 0 0 1 1 4 0 0 4  -Bacteroidetes
4 14 16 2 G EE 25 4 2 - Betaprotecbacteria
6 4 7 1 3 5 6 5 6 12 -Chloroflexi
0 0 0 0 0 2 0 0 0 0 -Cyanobacteria
:g 06 O 0 1 0 1 3 0 0 0 -Dekaproteobacleria
L 40 0 0 0 0 2 1 2 0 0 0 - Elusimicrobia
~50 0 1 0 0 0 3 1 1 0 0 - Firmicutes
-0 0 0 0 1 2 0 1 0 0 0 -GND2
1 2 1 1 7 10 11 4 0 4 - Gammaprotecbacteria
0 0 0 0 0 0 1 0 0 0 - Gemmatimonadetes
0 2 1 0 0 0 1] 2 0 1 =NKB18
L] 0 0 1] 0 2 0 0 0 0 - Nitrospirae
o o o EH ' 66 9 o0 o0 0 -opt
0 0 0 1 0 1 1] 0 0 0 -0oP1
0 0 0 0 1 2 2 0 0 0 ~-Planclomycetes
0 0 4] ] 1 0 0 0 0 0 -35Ri1
0 D 0 0 D 1 0 0 0 0 -TMme
0 0 0 2 0 0 1 0 0 0 -Tm7
4] 4] 0 L] 0 1 1 0 0 0 -Verrucomicrobia
4] 0 0 0 0 3 1 0 0 0 -Wss

Figure 34. Heatmap of bacterial communities
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4. 28

HEAEZ 3¢ & AR 1% BHE AS67, F1070 Az tiste] & A=E
e 2 A FAA S5 AASAT. EeE 9 HAdE S F 243109 A el
st @A == (WGA, Whole Genome Amplification)4FES SR EGom, o=
stue AlE o Het 243707 FZHUAY. & A5 LV#L 0.8-0.2ume] £ plater:=
LoCoSTM (Low Coverage Sequencmg)% 285t g A FHAA ZFZ gt 1
241 38 E4-E F8YstH Tt LoCoS 23, CheckM X213 o] &3t FAH3IA
= o 115709 M= 6718 Aol HEHATh T2t 16S rRNA genes F 247 9
AR =50 FA s

A FF A= AT A

A AT Zefoln] EFo] s

l

T8-S =o|7] 935te] 16S rRNA genes thiko
o A& && HZ2EE It stAT 14

1 A=HA Sy Al A
S H3l 27F—907R/H]E§ FAA =9
3,1704 2] A= EH*OPRE 165 rRNA gene G714 <¥ &4 A3}t Actinobacteria®t
Betaproteobacteria’} 7} 9H3tATh EAIES A$ 0.2v]7d A= F2 candidate
phyla¢l OD13 OPlle] $-Hatk ®H, 02 olde EARAMANE FE
BetaproteobacteriaZ} 7} $Hstx 1 - © 2 Actinobacteria, Gammaproteobacteria
7} Bol] #FHAT HWiAH HHEE 2~8cm Z ol A= Actinobacteria’} @43 -3}
Ao} 0-29F 8-10, CS A&l A= Actinobacteria ¥wko] o}lye} Betaproteobacteria,
Chloroflexi® ## 5o £ 0 2 ¥Ads Bt
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A 4d A HESHZ 7=

L gdAlx 2 & TF 43 A"S A% 34 9473 21/

Joint Genome Institute®] Drs. rederick Schulz, Dr Rex Malmstrom, Danielle
Goudeau®} FsATE FPstAth. 2018 10¥€ 199 FH Danielle Goudeau®} Rex
Malmstrom HbARe} o]w|d wEo R FHA F3F APWE A =35 @it H
Z dFATF4e Dr. Ramunas Stepanauske} AAo@ddistuw &34 nge =go=
2019 74 WEst] GAdAE B Al A2 FAste] WEAE HAHE AR 103
of diste A Fstact. =3k 20199 9€ HIEE oA FPHE A E {FRA
AEA Yol st

HIZE T4 GLAX F3AA AY. ddAxZ E8rles 283 A7
de " HAAH A7 F5E AT AdEA Bigelow laboratory®] Single Cell
Genomics Centerell 2019 7€ 10¥5E 12¢e WE3te] WAL w2A2 S50 &
AR et HAE A& 670l thste] LAl 2 A8 FHSAT

FACSE 384-well ChlA| 2

gate X| & plate =H| =2+
Figure 35. The experimental process conducted at the single cell genome
center of the Bigelow Laboratory

GUAE FHA AE Q] Dr. Ramunas Stepanauskas®} <+ Cytometry &%}
7?1 Dr. Nicole J. Poulton® A7 ¥ 3 A+ #|8k3th Dr. Ramunas Stepanauskas
= Y 2o DA FAA B9 Z2HE tiste] &)t
v SAFAA EA4E AT BustA & THE0] HolEH o]~ 75
< o] thidolal o5 Ao TFF T FASAH.

o}

] _—T
kT A3} olg}e o]Fdre| F|7FEC] BE4 A4 A

2 Aol v @ APsT Y= YAS SALSA ZeAEd] tlet 1t

) ol beF
SHAl 2713t T Dr. Ramunas Stepanauskas®] 79 F&4do] 7lsdt 359 F3A
Al (phototrphos) F 52 3tal oy, A5e F3TdA B2 Jd< s A< 3
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SCGC Workshop 2019

Fourth Microbial Single Cell Genomics Workshop

September 22-26, 2019
Spruce Paint Inn, Boothbay Harber, Maine

Organizing Committee:

Ramunas

(chair), Bigelow Lab: y For Ocean Sciences
Tanja Woyke, DOE Joint Genome Institue
Michael Wagner, University of Vienna
Beth Orcutt, Bigelow Laboratary for Ocean Sciences
David Emarson, Bigelow Laboratory for Dcean Sciences
Hicole Paulton, Bigelow Laboratary For Ocean Sciences

Workshop Coordinator:

Bigelow Laboratory far Ocean Sciences

Abgtract submizsion and fegistration have nat storted yel.

Confirmed Speakers:

Paul Beruba, Massachusatts Institute of Tachnology
Diane Dickel. University of California Berkeley
A Mutat Eren (Merer), Univetsity of Chicago
Gerhard Herndl, University of Vienna
Eugens Kaonin, National Institutes of Health (keynote)
Victorna Orphan, Caltech (keynote)
Michael Wagner, University of Vienna (keynote}
Patrick Wincker, Genoscope
Tanja Woyke, Joint Genome Institute
Aaron Wright, Pacific Northwast National Laboratory

Figure 36. International conference
microbial single cell genomics workshop
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2. i x A7 238 (MCM-LTER) €3¢ ZA4dH

Bonney 34 #AFHA dwolHE wIm FEFAT F3. “Methane
production in the oxygenated water column of a perennially ice-covered Antarctic
Lake” 9] A5 S =2 Limnology and Oceanography #3de] =&< &33t9tHLi et al.,
2020). 8 97 HEY= ZEHY FHuist o] John Priscu (alAlA#p), Wei Li(A]14]
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i E20 4 1(0.4% ELB)
JX526692_uncultured Hoallea p.

LOZTO000024_Hoeflea olel
JRJGO1000181_Hoefiea sp. BAL3TS
z‘_‘[ CPO11479_Hoeflea sp. IMCC20628
L E20 9 1(D3%ELB)

KC181767 _uncultured Hoeflea

AY¥588817_Hoeflea marina
- KC160704_Hoeflea sp. 55108
L MIS86308_uncultured Hoeflea
AJ441008_Antarctic bacterium R-8219
KC468076_Hoeflea sp. EM170
AJTEEE00_Hoellea alexandrii

'~ CPO03735_Marincbacter sp. BSs20148
L poosodoz_Marinobacter psychrophilus
e = W15_3_1 (7 5% WLB)

FRE21434 Marinobacter psychrophilus
.- DOO64634_Antarctic seawater bacterium Bsw10179
- DO521556_uncultured Marinobacter
D{I530455_Marinobacter ep. gap-d-2
AY518678 Marincbacter sp. ELEAT
=0 . - ABB21909_Marinomonas primoryensis
a2 AYTT1708_Marinomonas Primoryensis
i DO492728_Marinomenas sp, BSI20304
10 a DO665802_Marinomonas sp. BSi20583
- EFB73292_ Marinomonas sp. BSIi20353
a2 E ABOT74194_Marinomanas primoryensis
E20_1_1 (=01 ELB & WLE)

a-protecbacteria

y-proteobacteria

_ ¥~ DO677866_Sphingobacterium sp. BFO2-S7
c = W20 7 3(<0.1% ELB & WLE)

H KC247318_Algoriphagus aguimarninus
AJBOBEA1_Algoriphagus ratiowskyi

D052 1563 uncultured Algoriphagues
AJ575264_Algoriphagus aguimarinus

® FJ196032_Algoriphagus sp._ZS4-16
= FOKKO1000040_Algoriphagus aguimarinus
i AYS515450_Bacteroidetes bacterium GWS-BW-HTOM
® L F196019_Alg qus sp. Z62-8
008 L AY771733_Algoriphagus Antarelicus
T

Bacteroidia

Figure 37. A maximum-likelhood tree illustrating the phylogenetic
relationships of Lake Bonney isolates. RAXML with 1000 bootstrap
replicates(Figure 4 from Li et al., 2020)
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Perennial ice cover

e

) Methane
Atmospheric oxidization
loss (e.g.. methanotrophy, this
study)
Aerobic
bioproduction v, Demethylation
via C-P lyse i :ﬁ AN of organic
(this study) J/ ! Y compounds (eg.
S ; DMSO, DMS, DMSE,
g ] \ Lee et al 2004)
I Ay
’ . . - ‘\
/| Glacial input via '
4 - -
7*‘ comminution .
/ (Telling etal 2013)
7

Anaerobic bio-
production

Figure 38. A conceptual model for methane sources
and sinks in Lake Bonney. The solid arrows indicate
sources or sinks that have known evidence. Dashed
arrows indicate sources or sinks that have not been
tested. X indicates that an experiment in the lake has
been performed and no evidence of anaerobic
bio-production has been found (Tan et al, 2013,
Figure 5 in Li et al., 2020)
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3. SALSA (Subglacial Antarctic Lake Scientific Access) ® 32l ZAEH
SALSA Z2AHE 34 Z4. NSF JdFZZAEQ] G WAHIE Mercer HA
(SALSAZZAE) 9 FiFo] 20 =of 2019 89 1Y HE 29 vE S A4

Priucn Research Growp
Depernmen: of Land Resorces &
Enviroumental Scieaces
Monans St Universty
Bozemn, MT 59717
MONTANA Office: 406-994-3250; call: 406-570-6781
STATE UNIVERSITY Emal {priscugmonnm edu

2 May 2019

Dr. Ok-Sun Kim

Division of Polar Life Sciences
Korea Polar Research Institute

26 Songdomirae-ro, Y oensu-gu
Incheon 21990, Republic of Korea

Dear Dr. Kim:

SUBJECT: Invitation to attend the SALSA science meeting

As an official collaborator on the NSF-fimded project “Subglacial Antarctic Lake Scientific
Access (SALSA) project, | fommally invite you to attend the SALSA science meeting that will be
held on 1.2 August 2019 at Montana State University (USA). T will pay for your airfire and hotel
Toom to attend this meeting. In return. you will be expected to give a presentation to the SALSA
team on the work you are doing for the project

Tlook forward to seeing you in Bozeman, Montana

Please contact me if you have questons.

Yours sincerely,

Q&eﬁm

Johm C. Priscu
Regents Professar of Ecalogy

Figure 39. Invitation letter of SALSA

Workshop
NSFe] &= =23 gddxte] &5 1099 A7) Z2AE Al 8FH, ANE &
& BAd A 25 W3 AAE Tt &F A" /WA =9, Drilling operation %
in-situ v &8 T U3 =9 WAt HHE dF= #AH ANDRILL 3o

3
AFAEC] FH2=2 A3 AT. Amy Leventer’} Al A HAE E4 9 Ay
=4, 357 Ass E4Le FE 7MY, o], DOC7E FE Zdo] HAOSH, bulk
sediments®] 7% 7]&2Q1 A5 &4 2 AW 54, 2 a1 =SHE EAF v|A
ol 93 o] 43t 9 Fdo] F AFE o|FAHh. FF 3 basal ice AT+ FTFOAA]
o] CTD t®lolE|, As}st, &&f7|ek4, Wed 44 AR s, =Bl g A+
%7] A3 ¥ 2 =9 ¢ AF A9 clean access =2 @ nAYE FAA, vy, o
Buol 48 mAE, W 4 uAE AT A3 F Ago] gt NS 7
el ga F9d4, DIC, DOC, POC Aol tgk =2 3, 2324 543 s}
&Y dHA o et =95 AT

N
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2 A AdAe vAdE GdAE B4 23 27] dHoly 2 @3S tig %
£ 3tk McClane ©lgt= in-situ AV E &8t 4 & shue AgddA 3.0
um ©]%, 0.8-3.0 um, 0.2-0.8 um, 0.2 um ©|3tE 47§19 size-fractionS 3t x| FHH 471
9 & AES HAE 0—2cm, 2-4cm, 4-6cm, 6-8cm, 8-10cme} 271l EE slurry 1
Nz 67l HAE AR F 109 AIRE o E GdAE E¢ TP HES FxE3}
At °1F 02-08umE HFe=ZTHIAEL 2] 5 LoCoSEA F AT 23
st o, drYol 4kst wAl/ A, WekakEs A, H 4kskel dEE A
AL, olF Tshe] SALSA 7Hdo] BtAl e e IS =T
Ed=Z A ¥ A YAH3S Whillans 5579 E/FHE AlE, Grounding zone2
NEE FH3AT

£ AA H Hely f A 2 =2 HE Aol tiste] =oE st o] 3A
oA 1) Mercer &5 ©5 =& &3, 2) SLW (Subglacial Lake Whillans, €&2: )
9} SLM (Subglacial Lake Mercer, M 2A2 & F) FF 4719] size fractiono] A 2] =AY
E GYAF A7 23, 3) SLW, SLM, Grounding zone Al A< HAE wAdE @
A A7 A= Al =% HE ASE a8kt 20193 8doll= NSFel| Al =3}
+ AR HEAE GUAZ FHA 4 WE 23t A= =3 A7A4
7ol FUAES AF3S FFEATA A Co-PIZA SALSA ZEAE Z3tA =
ot

41
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i

Microbial diversity and ecological function in Subglacial Lake Mercer based on single
cell genomies+’

Ok-Sun Kim, Az Cho and Yongjoon Chos
Diviston of Polar Life Sciences, Korea Polar Research Institute, Korea+'

and sequ
for understanding ecalogical finction in SLALY

Figure 40. Annual report of the single
cell genomics in SALSA project
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