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Table A-I: Percentage of cultivable bacterial phyla (bacterial isolates) retrieved from the
RDP database of 16S rRNA gene inventory

(https://rdp.cme.msu.edu/hierarchy/hb_intro.jsp) with a search keyword of “subsurface”.

Counts Percentage

Total bacteria 1637 100
Proteobacteria 941 57.483

Firmicutes 329 20.098
Actinobacteria 305 18.632
Bacteroidetes 34 2.077
Aquificae 11 0.672
unclassified_Bacteria 6 0.367
Thermotogae 4 0.244
Chloroflexi 2 0.122
Deinococcus-Thermus 2 0.122
Fusobacteria 1 0.061
Tenericutes 1 0.061
Verrucomicrobia 1 0.061

Note: The RDP database search with word “Subsurface” and data set options selected as follow: 1) Strain: Both
(type and non-type) 2) Source: Isolates 3) Size: Both (>1200, <1200) 4) Quality: Good. Data retrieved on date
15-06-2020.

Page 127



Appendix

Table A-11: Percentage of unculturable bacterial phyla retrieved from the RDP database
of 16S rRNA gene inventory (https://rdp.cme.msu.edu/hierarchy/hb_intro.jsp) with a
search keyword of “subsurface”.

Counts Percentage
Total bacteria 34119 100
Bacteroidetes 16867 49.436
Proteobacteria 9610 28.166
Firmicutes 2549 7.471
unclassified_Bacteria 1788 5.240
Acidobacteria 847 2.482
Actinobacteria 558 1.635
Chloroflexi 522 1.530
Planctomycetes 347 1.017
Aquificae 45 0.132
Thermotogae 9 0.026
Deinococcus-Thermus 48 0.141
Fusobacteria 9 0.026
Tenericutes 12 0.035
Verrucomicrobia 100 0.293
Ignavibacteriae 130 0.381
Nitrospirae 102 0.299
Spirochaetes 85 0.249
Gemmatimonadetes 75 0.220
Aminicenantes 66 0.193
Candidatus Saccharibacteria 54 0.158
Cyanobacteria/Chloroplast 50 0.147
Armatimonadetes 34 0.100
Elusimicrobia 24 0.070
Parcubacteria 24 0.070
Synergistetes 20 0.059
Latescibacteria 20 0.059
Caldiserica 18 0.053
SR1 16 0.047
Lentisphaerae 13 0.038
Deferribacteres 11 0.032
Microgenomates 11 0.032
Chlorobi 6 0.018
BRC1 6 0.018
Marinimicrobia 6 0.018
Fibrobacteres 5 0.015
Candidate division ZB3 5 0.015
Thermodesulfobacteria 4 0.012
Omnitrophica 4 0.012
Candidate division WPS-1 4 0.012
Acetothermia 3 0.009
Cloacimonetes 3 0.009
Chlamydiae 2 0.006
Hydrogenedentes 2 0.006
Nitrospinae 2 0.006
Chrysiogenetes 1 0.003
Atribacteria 1 0.003
Candidate division WPS-2 1 0.003

Note: The RDP database search with word “Subsurface” and data set options selected as follow: 1) Strain: Both
(type and non-type) 2) Source: Unculturable 3) Size: Both (=1200, <1200) 4) Quality: Good; data retrieved on date
15-06-2020.
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Table A-111: Summary table of sequence similarity analysis of clones used in gPCR

standard curve preparation

Insert (clone) Best match sequence from NCBI Query Evalue | Percentage
sequence identity database (with accession number) cover identity

Archaeal 16S rRNA Uncultured archaeon clone 100% 0.0 97.45%
gene FAIR_SPR_AO08E
(KC437286.1)
NirS gene Pseudomonas stutzeri strain SLG510A3- | 92% 0.0 99.22%
8, complete genome- From 3832039 to
3832431 nucleotide [cytochrome cd1
nitrite reductase (nirS) gene Sequence]
(CP011854.1)

DsrB gene Uncultured bacterium clone SJ20-22 98% 6e-174 99.13%
dissimilatory sulfite reductase beta
subunit (dsrB) gene (MF068050.1)
CzcA gene Acidovorax sp. KKS102, complete 87% 8e-62 88.67%
genome; From 1265099 to 1265301
nucleotide (encode heavy metal efflux
pump, czca family protein)(CP003872.1)
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Bacterial 16S rRNA gene

Archeal 16S rRNA gene

28 1 35
T — e
— - Q
S 23 y=-33143x+37.07 5 30 1 y =-3.3867x + 46.278
o R2=0.9658 3 R 2 0.9923
2 - 25 =0
218 1 °
7] -
: P 0
= 13 o =
F E 15 -
© Q
8 T T 1 10 T T 1
3 5 7 9 4 6 8
log copy number Log copy number
NirS gene 54 - DsrB gene
30 p
© T 22 -
g =3 y =-3.2895x + 39.736
o 25 A o 20 -+ 5
- y =-3.2795x + 38.584 T 13 - R4 =0.9965
2 20 - % R2 = 0.9955 E 6 |
d g
E 15 - E 14
G & 12 -
10 ; : ‘ 10 : ; : :
3 5 7 9 5 6 7 8 9
Log copy number Log copy number
35 7 CzcA gene
< 30 7 y =-3.2765x + 44.778
& R? = 0.9985
T 25 -
o]
-
v
o
< 20 ~
'_
S
15 ; : :
4 6 8 10

Log copy number

Figure A-1: Standard plots used for absolute quantification of different genes by gPCR.
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Estuarine sequence showing thin Core pipe showing fine sand
alternating silt and clay layers. with silt horizons.

The lower fluvial sequence showing the semi-

Gravel deposit at the base of compacted nature of the sediments and palaeosol.

estuarine  sequence and the
underlying  fluvial  sediment
deposits

Figure A-ll: Representative photographs of splited core liner showing the lithology of
sediments present within CRD core.
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72, Lysinimonas sp. LM-2018 (MG934611) —
99 | Yonghaparkia alkaliphila (NR_043675)
@ Lysinimonas sp.CRD36.3C (MH311978) (14.1-15.2 m)
100 |72'@ Yonghaparkia sp.CRD31.1A (MH311974) {11.6-11.9 m)
0 | Microbacterium arborescens (LC389376)
%. Microbacterium sp.CRD3.1A (MH311954) (0.7-0.8 m)
a5 @ Microbacterium sp.CRD33.1A (MH311976) (12.2-12.5 m)
93[ Microbacterium xylanilyticum (MF375062)
~ @ Arthrobacter sp.CRD32.2B (MH311975) (11.9-12.2 m)
@ Arthrobacter sp.CRDE.3C (MH311956) (1.6-1.8 m)
Arthrobacter globiformis (JF439618) . .
100 Arthrebacter phenanthreniverans (KM817229.1) r AcnnObGCte”a (46'4%)
99 oz | @ Pseudarthrobacter sp.CRD14.4D (MH311962) (5.6 m)
@ Pseudarthrobacter sp.CRD30.3C (MH311973) (11.2-11.3 m)
@ Pseudarthrobacter sp.CRD37 5E (MH311979) {(15.2-15.6 m)
97 Mocardioides ganghwensis (AY423718)
100 [ Nocardicides sp. CRD19.3C (MH311965) (7.2-7.3 m)
@ Nocardicides sp.CRD27.1A (MH31197 1) (10.2-10.3 m)
100 | Dietzia schimae (KR&56342)
@ Dietzia sp. CRD22.4D (MH311968) (7.6-7.7 m)
Rhodococcus erythropolis (MG720018)
2a |@R. erythropolis CRD13.3C (MH311961) (5.3-5.6 m) _
100 |Bacillus cereus (MH569091)

@ Bacillus sp.CRD9.4D (MH311959) (3.23.4 m) — 0
100 Bacillus pumilus {MH910170) FIrmICUtes (7'14/6)
100 | @ Bacillus sp.CRDS.6F (MH311955) (1.2-1.4 m)

ﬁ 100 | Rhizobium aggregatum (MG561584) M

a0 @ Rhizobium sp.CRD8.7G (MH311958) (2.6-2.8 m)
Rhizobium selenitireducens (MG576004)
100 100 | @ Rhizobium sp.CRD23.2B (MH311969) (8.7-9 m)

86

93
47

Rhizobium halotolerans (NR_125632)
100 | @ Rhizobium sp.CRD21.1A (MH311967) (7.4-7.6 m)
@ Paracoccus sp. CRD1.2B (MH311852) (0-0.5 m)
100 ] Paracoccus sp. MB2009-P1 (FN6523906)
100 | Arenimonas malthae (NR_043670)

?—U 87| @ Arenimonas sp.CRD15.1A (MH311963) (6.36.6 m) L PrO teobacte”-a (42 9%)
100

100

Lysobacter daejeonensis (AB682404)
@ Lysobacter sp. CRD20.1A {(MH311966) {7.3-7.4 m)
22r @ Pseudomonas sp.CRD28.3C (MH311972) (10.8-10.9 m)
@ Pseudomonas sp.CRD7.1A (MH311957) (2.3-2.5 m)
@ Pseudomonas sp.CRD10.3C {(MH311960) (3.5-3.8 m)
1001 @ Pseudomonas sp.CRD34.2B (MH311977) (12.5-12.6 m)
Pseudomonas mendocina (MF08307 1)
33| @ Pseudomonas sp.CRD25.3C (MH311970) (9.3-9.6 m)
25 @ Pseudomonas sp.CRD2.1A (MH311953) (0.50.7 m)
o2 Pseudomonas stutzeri (MHE65736) _
Algoriphagus roseus (NR_151873) .
100 L @ Algoriphagus sp.CRD16.3C (MH311964) (6.9-7.1 m) } BGCI’erOIdetes (3 57%)
Methar ides burtonii (NR_118979) Joutgroup

100

0.05

Figure A-111: The phylogenetic relatedness (based on 16S rRNA gene partial sequence) of
heterotrophic isolates obtained from different subsurface horizons of the Chokari (CRD)
core. The phylogenetic tree was contracted using the Neighbor-Joining method with the Jukes-
Cantor algorithm. Isolates obtained in this study are shown in the black circle. Codes in left
parentheses correspond to GenBank sequence accession numbers and codes in right parentheses
correspond to depth intervals (cm) from which isolates were obtained. Numbers at nodes depict
the bootstrap values analyzed with 1000 replicates. Methanococcoides burtonii (NR_ 118979)

was used as an outgroup. Scale bar represents the number of base substitutions per site.
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Silty sand and red palaeosol horizons observed within RYD A — -
core Gravelly layer observed within RYD core

e —

Sand and silt as well as red palacosol horizons observed within Gravelly layer and clay silt horizons
RMD core observed within RMD core

Figure A-1V: Representative photographs of splited core liner showing the lithology of

sediments present within RYD and RMD cores.
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57,@ Rhodococcus sp. RYD37.1A (MK077745) (23.95-24.73 m)
100 | Rhodococcus ruber FQ-2 (MF563612)
@ Rhodococcus sp. RYD38.2B (MK077746) (25.81-25.90 m)
1! Rhodococcus rhodochrous KG-21 (KF803583)
@ Rhodococcus sp. RYD10.5E (MK123358) (5.34-5.54 m)
@ Rhodococcus sp. RYD34.2B (MK077743) (22.93-23.20 m)

"I Rhodococcus pyridinivorans U7 (MG310265)
00 @ Rhodococcus sp. RYD33.1A (MK077742) (22.28-22.46 m)
Rhodococcus erythropolis Lb13 (KX881456)
@ Gordonia sp. RYDS.6F (MK123357) (4.9-5.08 m)
Gordonia terrae CLC-M30 (MH518251)
@ Gordonia sp. RYD32.3C (MK163507) (21.82-22.0 m)
100 1 @ Nocardioides sp. RYD12.6E (MKO077729) (7.1-7.6 m)
Nocardioides aromaticivorans H-1 (NR_040938)
@ Nocardioides sp. RYD18.3C (MK077734) (12.3-12.6 m)
Nocardioides caeni MO612 (KF924227)
@ Nocardioides sp. RYD17.6E (MK077733) (11.25-11.43 m)
Nocardiocides sp. 1_47 (HF954381)
@ Nocardicides sp. RYD19.1A (MK077735) (12.72-12.96 m)
100 ' Nocardioides luteus R1-72 (JQ659527)
100 @ Arthrobacter sp. RYD3.5E (MK077723) (1.42-1.63 m)
Arthrobacter subterraneus ST_BT4S_19 (LT800156)
93, @ Yonghaparkia sp. RYD40.2B (MKO077748) (27.73-27.8 m)

100

20

59| Yonghaparkia alkaliphila KSL-113 (NR_043675)
100 @ Microbacterium sp. RYD10.1A (MKO077727) (5.34-5.54 m)
“* Microbacterium sp. NRR12 (JX434128)
Mi b trichoth vV N-21 (L
@ Microbacterium sp. RYD3.1A (MK077722) (1.42-1.63 m)
64 - Microbacterium sp. ORS 1472 (AJ968705)
100 — @ Paenibacillus sp. RYD25.1A (MK077738) (14.93-15.03 m)
—D Paenibacillus sp. JCR0815 (JN688957)
— 100 | @ Bacillus sp. RYD15.1A (MKO077731) (10.75-10.88 m)
100 |Bac|llus endophyticus 151007 -R3_K03_14_27F(KY820901)
9 @ Bacillus sp. RYD23.2B (MK077737) (14.0-14.23 m)
100 ' Bacill ilus CB (LC:
60 |

76,@ Pseudomonas sp. RYD29.1A (MK077739) (16.82-17.02 m)
99 |Pseudomonas mendocina Y20 (MH997639)

100 r @ Pseudomonas sp. RYD32.5E (MK077741) (21.82-22.0 m)
00l I p

sp. G3DM-64 (EU037285)
@ Pseudomonas sp. RYD33.2B (MK123359) (22.28-22.46 m)
100 | Pseud. ina QL--12 (HQ848146)
@ Lysobacter sp. RYD9.8H (MKO077726) (4.9-5.08 m)
100 [ Lysobacter yangpyeongensis GH19-3 (NR_043625)

@ Herbaspirillum sp. RYD20.1A (MK163506) (13.3-13.5 m)
,ExS'[: Herbaspirillum sp. TS7 (JQ966282)

@ Roseomonas sp. RYD9.SE (MK077725) (4.9-5.08 m)

100 - Roseomonas aestuarii PMS07 (KF648900)

100 @ Paracoccus sp. RYD21.3C (MKO077736) (13.58-13.65 m)
Paracoccus carotinifaciens DGMM2-14 (MH917337)

100 — @ Sphingomonas sp. RYD1.4D (MKO077721) (0-0.2 m)
Sphingomonas lutea strain JS5 (NR_153746)
@ Novosphingobium sp. RYD7.4D (MKO077724) (4.35-4.563 m)
100 | Novosphingobium sp. CTDB1 (GQ169059)
100 | @ Methylorubrum sp. RYD11.2B (MK077728) (6.35-6.85 m)
Methylobacterium populi 18JY76-11 (MH497635)
100 diazotr SM30 (NR_156159)
I~ "E. Oharaeibacter sp. RYD15.3C (MK077732) (10.75-10.88 m)
100 @ Brevundimonas sp. RYD14.3C (MK077730) (9.5-10.3 m)
Brevundimonas mediterranea IHBB 11067 (KR085851)
@ Brevundimonas sp. RYD36.1A (MKO077744) (23.67-23.86 m)
100 ' Brevundimonas sp. BRM7 (KP003993)

70

s7

i YGR26 17)
100 @ Pontibacter sp. RYD40.1A (MKO077747) (27.73-27.8 m)
100 | Pontibacter chinhatensis LP51 (NR_136486)

——
0.05

burtonii (NR_118979) Jouaroup

100 | @ Pedobacter sp. RYD32.1A (MK077740) (21.82-22.0 m)

Appendix

— Actinobacteria (46%)

—  Firmicutes (9%)

— y-Proteobacteria (12%)

\r B-Proteobacteria (3%)

. a-Proteobacteria (24%)

J» Bacteroidetes (6%)

Figure A-V: The phylogenetic relatedness (based on 16S rRNA gene partial sequence) of

heterotrophic isolates obtained from different subsurface horizons of the Rayka (RYD)

core. The phylogenetic tree was contracted using the Neighbor-Joining method with the Jukes-

Cantor algorithm. Isolates obtained in this study are shown in the black circle. Codes in left

parentheses correspond to GenBank sequence accession numbers and codes in right parentheses

correspond to the depth from which isolates were obtained. Numbers at nodes depict the

bootstrap values analyzed with 1000 replicates. Methanococcoides burtonii (NR_ 118979) was

used as an outgroup. Scale bar represents the number of base substitutions per site.
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RMD

98  Kocuria oceani strain APBSWPTB77 (MG733550)
94| L@ Kocuria sp. RMD27.1A (MK027338) (11.4-11.6 m)
Kocuria rosea strain PGHP9 (MH489050)

@ Kocuria sp. RMD20.1A (MK027336) (8.47-8.65 m)
Kocuria palustris strain JXJGS201608-3 (MG452778)
2300 | @ Kocuria sp. RMD22.1A (MK027337) (9.61-9.8 m)

100 | Gordonia amicalis strain 6-1 (MH101280)
- ﬂ @ Gordonia sp RMD30.2B (MK027339) (13.43-14.14 m)
4 Saccharothrix sp. KLBMP 4253 (JQ286174)
100 '@ Saccharothrix sp. RMD8.1A (MK027331) (3.4-3.55 m)
Micrococcus luteus strain BF 4 (KR137718)
E{. Micrococcus sp. RMD1.1A (MK027328) (0-0.63 m) — Actinobacteria (46%)
Streptomyces flavoviridis strain AK1 (K
3 W{.Suoptomvcﬂ sp. RMD42.2B (MK027345) (18.84-19.04 m)
99 Microbacterium oleivorans isolate GO22 (HE681739)
@ Microbacterium sp. RMD46.2B (MK027348) (21.23-21.63 m)
9 Microbacterium marinum strain W142 (MF554620)
@ Microbacterium sp. RMD30.4D (MK027340) (13.43-14.14 m)
56| | @ Microbacterium sp. RMD35.1A (MK027342) (16.74-16.94 m)

99 Microbacterium sp. strain Actino-22 (MH671519)
100 [Nocardioides albus strain 168-HR22 (MF077077)

@ Nocardioides sp. RMD11.1A (MK027333) (4.244.37 m)
o 9 Nocardioides exalbidus strain Sco-E06 (FN386777)
Y 100 - @ Nocardioides sp. RMD15.1A (MK027334) (6.4-6.6 m)

100 Sphingomonas humi strain W3-7 (JX094162)
@ Sphingomonas sp. RMD46.1A (MK027347) (21.23-21.63 m)

100 (Paracoccus acridae strain SCU-MS3 (NR_151998)
9 @ Paracoccus sp. RMD48.3C (MK027350) (22.2-22.37 m) _ a-Proteobacteria (15%)

99| 89

Paracoccus chinensis strain NSDHC10-92B (LT853748)
92 L@ Paracoccus sp. RMD40.1A (MK027344) (18.44-18.64 m)
Sinorhizobium meliloti strain Noori61 (MG586242)
100 '@ Sinorhizobium sp. RMD4.1A (MK027329) (1.43-1.73 m)

99 Pseudomonas mendocina strain Y20 (MH997639)
43 43 100 | '@ Pseudomonas sp. RMD8.2B (MK027332) (3.4-3.55 m)
9

0

@ Pseudomonas sp. RMD43.1A (MK027346) (19.44-19.63 m)
Pseudomonas stutzeri strain SO24 (MH778055)
@ Lysobacter sp. RMDS3.1A (MK027353) (24.34-24.76 m)
Lysobacter olei strain D-14 (NR_159177)
@ Lysobacter sp. RMD18.1A (MK027335) (7.8-7.97 m)
@ Lysobacter sp. RMD38.1A (MK027343) (17.94-18.14 m)
Lysobacter terricola strain 5GH18-14 (NR_148797)
““ILysobacter yangpyeongensis strain GH19-3 (NR_043625)
100 | Bacillus endophyticus strain 151007 -R3_K03_14_27F (KY820901)
—{’Bacillus sp. RMD4.3C (MK027330) (1.43-1.73 m)
Brevibacillus agri strain WBY-3 (MH012049) . .
92 @ Brevibacillus sp. RMD31.1A (MK027341) (14.14-14.84 m) — Firmicutes (12%)
100 | @ Brevibacillus sp. RMD46.4D (MK027349) (21.23-21.63 m)
Brevibacillus sp. strain Q4 (MH569661)

Pontib korlensis strain AG6 (K. ) L : 0,
100 '@ Pontibacter sp.strain RMD52.1A (MK027352) (23.7-23.86 m) Bacteroidetes (4 A))
Deinococcus ficus strain PRB22 (MG966296) ]
ﬁ.boinococcus sp. RMDS1.1A (MK027351) (23.4-23.7 m)
Meth ides burtonil (NR_118978) Jougrow

94

— y-Proteobacteria (19%)

- Deinococcus-Thermus (4%)

Figure A-VI: The phylogenetic relatedness (based on 16S rRNA gene partial sequence) of
heterotrophic isolates obtained from different subsurface horizons of the Rampura (RMD)
core. The phylogenetic tree was contracted using the Neighbor-Joining method with the Jukes-
Cantor algorithm. Isolates obtained in this study are shown in the black circle. Codes in left
parentheses correspond to GenBank sequence accession numbers and codes in right parentheses
correspond to the depth from which isolates were obtained. Numbers at nodes depict the
bootstrap values analyzed with 1000 replicates. Methanococcoides burtonii (NR_ 118979) was

used as an outgroup. Scale bar represents the number of base substitutions per site.
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