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SUMMARY

Title

Distribution of candidate phylum JS1 according to the habitats and physiological
and ecological characteristics inferred from JS1 genomes

Purpose and Necessity of R&D

0 Necessity for determination of ecological functions of candidate phylum JS1

0 Necessity for the establishment of pipeline for the analysis of distribution and
phylogeny of candidate phylum JS1

O Necessity for getting new biological and genetic resources

0 Necessity to overcome the limitation of utilization of biological resources and

search for the alternatives

Contents and Extent of R&D
O Correlation of the phylogenetic diversity of JS1 with environmental factors

O Comparative analysis of JS1 genomes

R&D Results
O Phylogeny and the distribution pattern of JS1

O Potential metabolism of JS1 through the genome analysis

Application Plans of R&D Results
O Provision of dara foe establishment of network for understanding
candidate division including JS1

O Provision of information for cultivation of JS1



CONTENTS

Chapter 1 Introduction

Chapter 2 Current R&D Status in Korea and Other Nations

Chapter 3 R&D Implementation Contents and Results

Chapter 4 Degree of R&D Achievement and Degree of Contribution to

Chapter 5 Apphcation Plans of R&D Results ccceeerrreerereeereeeaeiniiiieennn

11

11

11

18

19

20



Al

Al

Al

Al

Al

Al

Al

LAY AEE

sl Tee 49

AThEedy e R

=5

e

S I i S I OO

11

11

11

18

18

19

20



A1l A A=
o THE BY A4 @ RFEdF )X FUL 9% Ho|Zepel 7x We
> A /Me Bl BRI 165 RNA FAA @ADL obHkA MFHA e g

AEN 1007 ool ¥ EAE dehim oe

&

5

> A -yl o G MAE B B dUAE 2 S8 FRE WY
Mol Egetal, MgS Fa H5d MAES A AT el 1% WY

> T FRE T, JS12 WE sfol=dol By frEo] TR Y] A FHEHA 2
A Holgov, @A7A wFA Tt A5HA Gob o] 5] ERAA AV =EHE, ol
of A AEeA vl Aol ogw. weA o5 AL 54L olsistr] fs
ol obd Hw He

» ZAY A7IAERAVIE(INGS) O] vkl i g9 oo]® g ng Ham, o] A9 v}
F3 BAW Aol 16S rRNA 42 9714 E 3 FdA4 Azse] g/4E velE ez
w438 4 Ha o], AR FLE T FRE JSI19 16S rRNA Fx2He] 7]
Ad H2 FHA GE The

» WOE o] VMY AERZEE THE JS19 AV PS FE5a, oS A A4
7I's& olalstr] A& Bl MdS A8 B4 solzekdd 4| de

o MEzF FEALHY FHALY FH I
» AR ALFTIEE fFHAAD A8 2 53 digk Aol AdaH
» BALE E A A ARREE AR 2 5449 SR Az fd HaAde 34
2 AR AR RS LS Frst=d Aokl B
» T dolEuo]l el A H TR Ao FHA BH=
T AR Hag olE #83 Ay AR FH 59 oyes FEIHA s AAFH
o8 AT J9S GHANA MEL FAAY A9 g4 Sdg 7ts

i

oFRF AAAEA A% 7Y R
> AEE =R @ el T AHAR Ads st glo], ol59 MAFH T &
& B A B A0 ©hE o5 wE 545 oldishe A2 Aate] AEAC WA= 9

& tHsted T8 V2 AR AE b

=

oFnEY NFL AW WAFY AR AF Ba
R ECEEEERS A WALl HEo] Mot wwF AT A,
We) 54 Aol ojelg

> WMl Aol ThE, GUAERe Y e BAS o e FAA 242 Ba oAt
13 AR G5l b, o % Fa FrEel ANstE W 24 w4 s

o BEAY |89 A S5 # "y s

» AETFYEF R A A " o
A LA

» olfd FAE 5] & eUlE FAA AERES FEsks o] FY Al Y

19
ol

T A A Ha, AAA AEAY o] &9

L
o



L = 7le 5

7hAAA eE

M= ® 7143k e 7l kst g
O FE2F JS19 AATH £ F& R AH4AH S g 47 74
o AA AMF TR AL F& AXsh: FRE 0P8 AATH R fF A7t B

[Farag et al, 2014]¥ ¥+ W& slo]l=golE HE X3 e EA3 X H oA
sHAl (H ] 53%, Parkes et al., 2015) 7 =o] & SHF JS19 A9 9 A2AH 5
e BY d3= AAsA FaE o

ox o K
= &

O @474 S8 FRE JS1 4849 A9 a4
o 16S rRNA A =xte] 47|14 <d T_]?.__/'\—l% 23 ZTHE JSlo] FREA A A Zo
U, dA7MA gHE §FHA= F

57 7 - Adelie Basin (‘g =), Sakinaw lake (F]u}
= &3 AE ¥3-7] [Nobu
2 JSlo] FH3HA B

A
t}), Etoliko Lagoon (Z2#]2), Aarhus Bay (dlv}=) 2 7]
et al,, 2016al-2. 2, AAQ7tA THE JS1 A7 dHE XY
H Ags AMEA EF
o g slo]=golE FE A oA FHF JS19 HlE&o] =4 YHYRR SA AT A7t
AA7A FHALE FEl R ]E E= 7] JS1 &) kil dEld AR R2HE
THE JS1 A4 F71 &

O FSAY #d JS1 w8A9 ¥ AHA
o @A Fre TR JS1 FAA= A FrE fFdg JS1 FHAA Y A
2 A7} 2% v ek [Carr et al, 2015122, AA A7t +F9 =& ¥& (AU 51%)S A
AteE FHE JS19 tirbrls 2 AEEH gs fFFetlde A U

= -

Sl wAolY, % HARe ERaA EAes JS1e

o AU ANNG BAM HekHQ wHoE FAA B U AP B
9 o

KR
= .




2. =wie] AT-ER

B oHn get, drd Be Anw AR Gn Sol @

=
mE Al 2 A AT AR
T =] o o o == = - H = sz 1
FERE JSILS F HA g SHsA EAsta, 53] vE sfo]=do]E FE A Fe FH
=) = 5] O
Al A< H I [Parkes et al., 2014]
A e
= Surface (@2 miah - Se——
0] ® Seep
: * Hydirate azsociated lfs _-m
z Y . "
~= = Arstic 7o S e
=3 -
L ¢ nsh W S
% o Avyssal 11—
« Garbonatas Wz
cnerstenis | o rucniaen B
E‘ 10 o 5
PC 1 (32%)
W Afphoproteobactenio |3t B spirachaetes . or3
25 Betapratcobacterie BEE Socteroidetes B Nitrospirae R oFs
-_— B Gernmuotimonaderes N OP11/ODI
Detroproteobocterio E Firmicutes e Acidobacteria T NT-B2Z
£ v . Actir Deferribacteres S NT-BE
B Chioroffexi Cyanobacteria - o Bl Others
B -
: T surece 02 moen S EEE
G ® Secp Il B
Hyarate associates [ ™18 |
z” ok o Maginhen | R
S e o arcuc —
g T nsh I
o < - Abysaa - -
o Corbonsies | I
" Thsmsacsiss | ® Turbidites | re— |
) -1a -5 o 5
PG 1 {32%)
B Thaumarchasota MHVG i Mernanomicrobiales R others
MBG-B/DSAG N SAGMEG W Methanobacteriales
Il McG El TMEG El ANME
I MBG-A N DSEGs - T
B MBG D/ Thermoplas- HE Methanosarcinales E DHVEGS

martales affiliated

o wjgA FEFHA e FTHE e AA7EH BE AT AlbE
- FHE OPRY AF 4 E AAAH nE FX G BAE T, o5 AA A
oA AL H&ES AA(HFEE 0.01% "vhHsk= o], FRFE OP8el &ate Al o

7 AA Bk A A Zolo] o] ZAEES W [Farag et al, 2014]

By
o M
Mo X

rlet



Table 1. Classification and overall patterns of Aminicenantes relative abundance in various habitats and sub-habitats’.
Datasets with Average i

Dataset type Total datasets i (26) bund (9%} abundance
Total datasets 3141 918 (29.22%) 020% 10.20%
Total 165 rRNA sequences 1,820,857,401 47,215 0.0026%
Marine datasets 1154 248 (21.50%) 028% 5.28%
Deep marine sediments 32 30 050% 2.89%
Coral associated microbiome 19 10 0.89% 4.67%
Pelagic 390 40 0.20% 2.46%
Hydrothermal vents 101 60 023% 5.28%
Coastal 612 107 0.20% 1.87%
Aquatic non-marine datasets 1,665 645 (38.74%) 0.15% 10.20%
Spring and ground water 25 10 2.80% 10.20%
Temperate freshwater 1569 587 0.11% 2.50%
Salt marshes 1 48 0.03% 0.67%
Soil datasets 276 14 (5.072%) 0.07% 0.80%
Agriculture 28 2 0.03% 0.06%
Grassland 140 10 0.00% 0.00%
Heavy metal/hydrocarbon contaminated 8 1 0.00% 0.01%
Arid and Semi-arid a5 o 0% 0%
Permafrost 54 1 0.01% 0.01%

iy 14 10 (71.43%) 032% 0.95%
Herbivorous gut and other datasets® 32 1 (3125%) 0.02% 0.02%
'A detailed description of every dataset is provided as supplementary material (Table 51 in File 51)
ZAverage abundance values in datasets where Aminicenantes sequences were identified.
26 Datasets were designated “other'; these datasets originated from dust, air and animal associated habitat. See Supplementary Table S1 in File S1 for details.
dol:10.1371/journal.pone 00921391001
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(Cold ss2p sadiment Galfof Mexico (AMT4507T)
(— Hydrothermat dzposits 2nd sxllcor sadiments. Okinawa Treugh (KXOD733E)
[—Cold saep sediment. Gulfof Mevico (AMT45161)
{—Sadiment fom ancxic fiord (FF495337)
fwdrothermal deposits and sazfloor sediments. Oidnzwz Trough (KXD2764)
"Marine 1ediment_Aarhus Baysadiment (CDPMO1)
L_Hydrocarbon szep sediment (AF1 54106)
[~ Hydsothermz] vent sediments Guavmes Basin (AY187377)
‘Brackish watsr _Sakinaw Lake SAG co-assembly
Coltsep seimentGuifof Mexin (AMTAS205)
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MErise =e:‘.1m=ﬂl3 Sens Barbiars Basin (}JJML\’EL]EH T
ES 2018 GC 03 164
Carbonsts HydrateRides EsiRiver Basin (JQU36289)
‘Kazen Mod Volcano, East Mediterranaen Sea (FI712496;
Mdm— sadizent Sznt=Barberz Basin Califbmniz (FM35 ’EE\
offiors dritling cors sampls Shimold . Tapan (ABRD333T)
Chpmr Arstyunov Mud Volcano_GulfofCadiz (HQAD5607)
| Amsterdam Mud Valcane. Essters Mediterransan Sex (KF440316)
[Kazon Mud Valczno, Meditsrvansan Se2 (FIT12603)
|ocazn deifling core sampls Shimeitz Pannineuls ofihors fepen ABBOS433
|iczzn daifling cors szmpls Shimolkitz Benninzula ofihors ABID5454
—ARAOTCBC 5113 14910
[—Azrine_sediment_Namibizn upwelling systen (EU2S0T3Y)
Cold saspsediment Japan Trench (AB180340)
\Atribacteria bacterium SCGC AD-261 N23
(Mzrine sadiment Hydmte Rides ofthors of Orezon (HQT11384)
Cold-seep sadiment_Tapen Tranch (ABOISITT)
\Gas hrvdezts potential marine sediment SW

jld s2ep eedmv{ znfz Monicz basin (KU324288)
Sadiment Som anonic foed (JF493355)
Hydsothersal deposits 2nd szfloor sadimants Okinaws Trough (KXN978T)
Marins sadiment 23z hvdrsts potentizlares SW Taiwan (QR30785)
‘Marine sediment Ross Se3_Amtarctica (AG-183 B19)
[Hvdroihers! deposits end sesfloor sediments_Okinzws Trough (KX027356)
\Ssdiment Fom ancxic ford {F425361)
{Hyd.vaﬂ:—n:nal vent sadiments_Cusyass Basin (AY197406)

b

(Niibali oitfhald (FND41048)
Tarrastrial Mud Volceno_Teiwen Q245641

TA biofilm J51 MG bia
—+la1-_‘phms1zkedégﬁdmgbim&:|m 135411y

—Tmmz.m‘?x%mmmwnm . sediment from cold-seep, mud volcano, hydrothermal vent, oil-field
ey ﬁ‘;ﬂiﬁ:ﬁ‘:‘“‘c&ﬁ?ﬁ” bicarbonate, brackish water
R s WAL T ) + biofilm from terephthalate degrading bioreactor
a1
a9 3. JS1 AT E 2 AAH 5A
o JSiel MAH 54 24
FZ25 971 <de A2xE NCBI(https:///www.ncbi.nlm.nih.gov/) dlo]EjHlo] 225 E F&3
Ax R A7) do] cold-seep, 2 F4F (mud volcano), 73 o] wWe E&3 3
A ALBG] HABANA BAAYS (27 3)
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g I 5 4% A &(Lee et al, 2013), A+ E2] &AE F3 dg

A EA Rud 228 HAHE A Z(Geletti R & Busetti, 2011) 2 7|9 WEg 9& Y
A JS1ell Hl&l 16S rRNA FAA A S = o, g A9 A A7F 22% =
£ Aarhus Bay A & (Webster et al, 2011 2 Nobu et al, 2015a)5 ## AFx2ZHE o}
165 rRNA #42 97144 718k b gA £4(24 4)

4 AR B8

el
e

2. kg 2 A

S|
DR AR A A A
Aarhus bay_M5 Aarhus bay, Denmark | 3] EJRE
2016ES-GCO01-16 East Sea, Korea T HA=
NHJ120211-05 Ross Sea, Antarctica SfoF E|ME
- AA A 1 =, JS1& %OH 2238, Aarhus BayAl 24 47 76.0%, 32.2%, 2 9.7%E
24 3HE FRlstdan(2d 4), i Algel g e &4 9

100%
80%
60°%:
40%
200
0%
East Sea Ross Sea Aarhus Bay
m ST m Chloroflexi m Protecbacteria
| Planctomycetes m Aminicenantes OPS m Others

19 4. 16S rRNA F-AAF 7]18F Alit 3

1%

© MiSeq (2 x 300 bp)& Sl 54 HEAE A7AE &+
D @71M4d F4 A=

- Skewer v0.2.2 T2 1% (Jiang et. al,, 2014)S &g3le] 2z A FZRE AAh
metagenomic readsE< Q30 2 H A read Zo] 200 bpE 7|FLE 12 QC WY

- BWA % BLAST W¥S& &83te] phiX 971493 ## 4 readss F=3k1L Al 75k
221 QC %13

- 22} QCE %3 East Sea, Ross Sea, Aarhus Bay data Ztz& <k 12.27 Gh, 11.57 Gb,
11.18 Gb, (84.88%, 77.30%, 72.39%, of total reads)e] i3 2 2] paired reads dataS & H
(% 3)
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F 3 vEA s d7IME QC At

East Sea Ross Sea Aarhus Bay

No. of total pairs 24,905,893 25,649,780 26,385,713
No. of pairs filtered out by QC 2,957,117 5,517,895 6,991,268
No. of short read pairs (<200bp) after QC 799,325 291,327 417568
No. of empty read pairs after QC 62 8 3
No. of available pairs 21,141,034 19,826,005 19,461,319
Average size of reads after QC (bp) 290.17 291.78 287.29
Total size after QC (Gbp) 12.27 11.57 11.18

2) WErA 3 o4&

D QC 24 reads #8439 k-mer size 31, 41, 51, 61, 71, 81& 77} &83to] A5 oAl Ee
Sk
- B AR
& 4. k-mer AolE o] &3 s Alm oAM= A

Assembled Maximum conti No. of Size of more

Samples K-mer size No. of contigs . GC ratio . 9 N50 more than
size (bp) size (bp) 5kb than 5kb (bp)

East Sea 31 33,273 77,737,130 39.73 65,271 2,598 2,396 21,964,866
East Sea 41 32,349 78,646,660 39.27 70,218 2,819 2,631 24,432,170
East Sea 51 32,182 79,045,339 38.79 77,655 2,851 2,691 25,293,703
East Sea 61 30,133 74,592,150 38.57 113,189 2,912 2,516 24,140,380
East Sea 71 27,114 68,592,886 38.39 77,748 3,016 2,350 23,330,297
East Sea 81 24,955 63,270,510 38.25 94,925 2,999 2,107 21,678,719

- %63 ~ 79 Mb 7IHeog 2HEM, AA GC F§HL 38 ~ 39%E EY

- 29" AL kmer 7194 71 =2 N0 @S EAS. AT, o= k-mer 519 H]&}4]
assembled size7} 8 Mb ©]A o w T3 contig binning 5 38 Al error &°] Yrolx|=5kb
o] 49l contig =% 510 HlEle] H AT e

- Y, 71E AlRelA FEF JS1 16S rRNA 471 @3 Bladt 23 k-mer 51014 Aikd =¥
Mo A 7H =8 score ¢ (373)& H . o2l ARE MY O R k-mer 515 AR&ste] 2¥HE

Hae A% 29 Ad2 4%

¥ 5. k-mer AolE o]&3 Z23 A7 AAED A

ol

. . Assembled . Maximum contig No. of Size of more
Samples K-mer size No. of contigs . GC ratio . N50 more than

size (bp) size (bp) 5kb than 5kb (bp)

Ross 31 43,298 125,326,188 45.07 132,356 3,868 4,530 54,191,731
Ross 41 45,302 130,066,719 44.79 226,745 3,904 4,758 57,487,764
Ross 51 45459 128,559,744 44.58 226,745 3,816 4,455 56,232,231
Ross 61 44,145 122,915,426 44.36 249,147 3,666 4,156 53,121,388
Ross 71 42,459 116,766,487 44.18 252,593 3,562 3,768 49,436,252
Ross 81 40,692 110,535,198 44.03 316,896 3,453 3,407 45,876,789
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» Aarhus Bay Al &
¥ 6. k-mer Zo]E o]&3 T3 AE oJANEF A}

. . Assembled . Maximum contig No. of Size of more
Samples K-mer size No. of contigs . GC ratio . N50 more than

size (bp) size (bp) 5kb than 5kb (bp)
Aarhus 31 33,953 97,402,057 50.32 101,631 3,887 3,570 42,616,344
Aarhus 41 34,781 100,110,684 50.39 148,936 4,082 3,711 45,463,659
Aarhus 51 34,792 98,043,122 50.52 158,610 3,925 3,601 43,820,670
Aarhus 61 33,968 93,764,009 50.55 175,770 3,752 3,407 40,430,473
Aarhus 71 32,667 87,783,556 50.48 230,950 3,512 3,147 36,003,563
Aarhus 81 30,968 80,006,266 50.5 280,488 3,147 2,735 30,238,228

— Aarhus Bay Wlo]El:= F 80 ~ 100 Mb 7FFo 2 ZfHm, HAx GC &2 503 ~ 50.6% S
4 gk Aoz ANt
- 299 AL kemer 419014 7HE =2 N50S Holw, w3 7t 2 x£9 A

Weld o] % HE 2y Adm 44

ue

715 A

) JS1 Oiﬂ A R, A2 AR =&

- 2989 M928E GC g #EH3 coverages 7|WFe® JS1 FHA R (FE 7)
- gH JS1 A GC FEe 342%735.6% WA, drE A9 AAGl] A s
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