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D Abstract ]

BEREARmIAE, HPFEANAREE RSB NTHER SRS EH SR ENE,
KR T ENEMizoramB AASRANBIMEN SR HEEZERK, 2T MHEEE
FENRE.

FIAPICRUStH MR &5 ZE MR ERENER, MTBRAELEC. NBIHER
ENRBEXREE,




U Background7

MERBCRINEMSHENERZRRT, ARFERANESRGETEEKEER.
ARBTEREERMME, FETEXMERAN RMETHNARESBELZEEA S
R EABHFIREZ.

AANEMEZ A ZNER, DRBCIRMFEARZZMAARE S . Ik
HWEETEESRNAREFZHRM S L E .

MREBETXEMNRIE: AZTHMAEFERAVE 7S MAF AT E 4
EME, AN FESHAEAEN TYMNSHEMEEE. MRENEREN
E 7 RER, FT ARSI N R RBEFRIE.




I

U MEth0d57 5

|mgha|

K m

Fig. 1 Geographical location of the sampling sites in Mizoram,
Northeast India. The figure has been adopted from Google Map
and modified




o Sample collection and community DNA extraction
¥ : Bukpuk (CBP V3),Lamsialpuk (CLPV3),Reiekpuk (CRP V3),Khuangcherapuk (CKP V3),
Farpuk (CFPV3)
SLERIAE R AIpHE ApHITEN, Sk M =E T HZ{FERX-ray FluorescencelllzE. 1FHMEENT

Table 1 Geochemical parameters of the cave samples

Sample ID GPS Elevation pH Na,O% MgO% Al203% 5085 P;05% S0:% KO% CuO% Zn0O% Rb20% SrO% ZrO2% BaO% Ci% V205%
Coordinates (MSL)

CBPV3 (Bukpuk) N23609, E9320 4003 7.2 008 1.04 4.59 123 753 119 29 0.05 0071 003 008 0O 000 006 O

CFPV3 (Farpuk) N23.11, E9353 4645 73 3 092 118 442 0.16 016 25 0.01 0.0 0.0 003 012 007 0 0

CLPV3 N23.13, E9329 4446 75 424 092 132 379 071 023 27 2.01 0013 oM 003 008 007 006 0001

(Larmsialpuk)

CRPV3 N23.69, E9260 4312 68 06 1.67 117 391 0.16 192 28 M 0013 oM 002 007 007 0 0

(Reiekpulk)

CKPV3 N2369, E9261 4900 6.7 037 1.04 105 334 0.84 082 25 0.0 002 003 004 007 007 0O 0

(Khuangcherapuk)

All the samples were collected during March 2014
MSL meters above sea level

DNA$ZEY: the Fast DNA spin kit
5|%: 341F (5'-CCTACGGGAGGCAGCAG-3') 518R (5'-ATTACCGCGGCTGCTGG-3')



a Pre-processing and sequence analysis

MR : lllumina sequencing, Scigenome Lab, Cochin, India.

OTUZEZE: UCLUST method, #HIAZEFELTI7%, Greengenes database.
FE 3% 14:PASW Statistics 18(SPSS Inc., Chicago, IL, USA)

REFE D PICRUSHERH

6 Statistical analysis

PAST v3.02 software,
Multivariate principal component analysis (PCA)(20f41t &%, npH, Na,O, MgO, Al,O,3)
(ZILERTTHT)



Results

o Geochemical characteristics of the cave sediment samples

Table 1 Geochemical parameters of the cave samples
sample ID GPS Elevation pH Na,O% MgO% AI203% SIO% P,05% SO5% K O% CuO% Zn0% Rb20% SrO% ZrO2% BaO% Cl% V205%

Coordinates }MSLL
CBPV3 (Bukpuk) MN23.69 E9329 (4003 7.2 008 1.04 4.59 123 753 1.9 29 0.05 0071 003 o8 0 000 006 0

CFPV3 (Farpuk) N23.11, E9353 4645 733 092 118 442 016 016 25 0.01 0.0 0.07 003 012 007 0 0
CLPV3 N23.13, E9329 4446 42.4 092 132 379 0N 023 27 2.01 0013 oM 003 008 007 006 0001

(Larmsialpuk)

CRPV3 M23.69 E9260 4312 68 06 1.67 117 39.1 0.16 .92 28 2.0 0013 o0Mm 002 007 007 0 0
(Reiekpulk)

CKPV3 M23.69 E9261 4900 037 1.04 105 334 0.84 082 25 0.m 002 003 004 007 007 0 0
(Khuangcherapuk)

All the samples were collected during March 2014
MSL meters above sea level
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Supplementary Figure 1: Bioplot generated for the Principal Component Analvsis (PCA) of twenty geochemical vanables. Cave samples are
shown as colored symbols and physicochemical variables are represented by green lines.
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9 Analysis of bacterial community composition
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Fig. 2 Average bacterial community compositions at the phylum level present in the cave samples
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the top ten phyla present in individual cave
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Fig. 3 Bacterial community compositions at the phylum level
present in the individual cave samples
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@ Diversity estimates of the cave bacterial community

Table 2 Alpha diversity index of the cave samples

Observed species Simpson reciprocal Shannon Simpson PD whole tree
CFPV3 87,179 62.04 997 0.001 2914.7
CRPV3 72638 86.33 10.25 0.001 23579
CKPV3 89,805 89.17 1138 0.001 30200
CLPV3 83,136 31681 0.004 2873.1
CBPV3 22,004 57.32 822 0.003 827.8

All the diversity index is calculated using QIME
PD Phylogenetic Diversity

RIBERIER, ATLLBELCLPVIHAEZHHMES, CBPV2HEZHFMHRIR.
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Fig. 4 Principal coordinate analysis (PCoA) plot of samples using the
unweighted UniFrac distance metric. The variance explained by each
principal coordinate axis is shown in parentheses. Datasets were
subsample to equal depth prior to the UniFrac

distance computation



® Function prediction using PICRUSt
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Supplementary Figure 2: Relative abundance of the functional genes present in the cave samples.
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" Table S1. List of the genes codes for enzyvmes involved in carbohydrate degradation identified using PICRUST.

4

“OTUD | CFPVZ | CRPV3 | CKPV3 | CLPV3 | CEPV3 KEGG_Description o —SEINES. BEILES,
K01176 27391 18576 20919 12211 5010 alpha-amylase [EC3.2.1.1]
K07405 236 177 424 275 36 alpha-amylase [EC3.2.1.1] A Y s E# EeFO
K01178 15132 4170 20708 16034 329 glucoamylase [EC3.2.1.3] . e
K01179 | 150806 123986 108567 78023 33916 endoglucanase [EC-3.2.1.4] e, R
K01190 | 109617 53776 98347 58180 27861 beta-galactosidase [EC-3.2.1 23] YEETE, MR
K12308 | 104500 87697 91238 68506 12062 beta-galactosidase [EC-3.2.1 23] e
K05350 | 224167 177804 157940 97063 31122 beta-glucosidase [EC:3.2.1.21] 12EE; P -RIREE,
K05349 | 193177 146916 161768 114774 40231 beta-glucosidase [EC:3.2.1.21] B -EEE
K01188 95216 80758 76506 48365 23967 beta-glucosidase [EC:3.2.1.21]
K01176 27391 18576 20919 12211 5010 alpha-amylase [EC:3.2.1.1]
K07405 236 177 24 275 36 alpha-amylase [EC3.2.1.1]
K07407 | 138423 113472 125872 79099 15619 alpha-galactosidase [EC:3.2.1 22]
K07406 5063 5331 6700 7014 151 alpha-galactosidase [EC:3.2.1 22]
K01187 | 313018 | 217131 230125 150604 54696 alpha-glucosidase [EC3.2.1.20]
KO01183 | 121687 115347 96013 64813 21106 chitinase [EC3.2.1.14]
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" Table S2. List of the homologs of methanogenesis-associated genes that were identified from the five cave sediments using PICRUST.

OTUID |CFPV3 |CRPV3 | CKPV3 | CLPV3 | CBPV3 KEGG_ Description
K00200 535 285 1446 1060 35 formvimethanofuran dehvdrogenase subunit A [EC:1.2.99 5]
K00201 532 279 1442 1058 34 formvimethanofuran dehvdrogenase subunit B [EC:1.2.99 3]
K00202 342 279 1442 1058 24 formvlimethanofuran dehvdrogenase subunit C [EC:1.2.99 3]
K11261 13727 2252 18636 | 14160 132 formvlmethanofuran dehvdrogenase subunit E [EC:1.2.99 3]
K00672 237 168 693 873 30 Formvlm ethanofuran - terahvdromethanopterin N-formvltransferase
[EC:2.3.1.101]
K01433 | 144630 | 163314 | 93938 | 61705 | 38186 formyvltetrahvdrofolate deformyvlase [EC:3.5.1.10]
K01499 315 256 876 o207 51 methenvltetrahvdromethanopterin cvclohvdrolase [EC:3.3.4 27]
K00320 | 233910 | 197179 | 146818 | 61800 | 36883 coenzvme F420-dependent N3 N10-methenvlterahvdro
methanopterin reductase [EC:1.5.99.11]
K03388 1717 439 1239 351 144 heterodisul fide reductase subunit A [EC:1.8 98 1]

R ERIN R ERBFE.
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Table S3. List of the genes coding for enzymes involved in nitrogen cycle identified using PICRTUST.

OTUID | CFPV3 CRPV3 | CKPV3 | CLPV3 | CBPV3 | Average KEGG_Description

K00459 | 234608 181071 171865 98890 44603 1451643 nitronate monooxvgenase [EC:1.13.12.16]
K04751 148620 153605 119582 79297 31707 1123122 nitrogen regulatory protein P-II

K00362 186707 187798 122042 66941 42569 106609 nitrite reductase (NAD(P)H) large subunit
K00363 158467 139566 112051 60392 37056 93796.17 nitrite reductase (NAD{P)H) small subunit
K04438 158002 114409 103742 65094 1977 86914 83 nitrogen fixation protein NiflJ and related proteins
K01721 109460 180569 59540 40267 9425 72093 nitrile hvdratase [EC:4 2.1 §4]

K01501 06026 84391 49338 20949 9301 44251 nitrilase [EC:3.5.5.1]

K05916 80284 56743 56351 30192 11872 41549 67 nitric oxide dioxygenase [EC:1.14.12.17]
K00372 58741 713302 39085 30134 23134 40560.67 nitrate reductase catalytic subunit [EC:1.7.99 4]
K00491 52136 63495 27735 2571 4284 26694 33 nitric-oxide synthase, bacterial [EC:1.14.13 39]
K00373 47649 33337 31306 20412 6985 2544117 nitrate reductase 1, delta subunit [EC:1.7.99 4]
K00370 44072 34009 26246 19227 11699 24024 67 nitrate reductase 1, alpha subunit [EC:1.7.99 4]
K04561 9594 2498 15692 11101 BO18 11192 67 nitric oxide reductase, C}‘m;‘.hmme b-containing subunit
K00371 41407 28771 25127 17640 6345 21156 83 nitrate reductase 1, beta subunit [EC:1.7.99 4]
K00374 40555 28424 24419 17059 6319 20598 nitrate reductase 1, gamma subunit [EC:1.7.99 4]




@ Association between bacterial communities with geochemical parameters

" Table S4: Pearson correlation (PC) between physiochemical factors with the dominant bacterial phyla.
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S

L J

pH NalO | MgO ARO3 | 5102 |P205 (503 | K20 | CaO | Fel03 (Cr203 | MnO (NiQO (CuO | ZnO |Rb20O (SrO (ZrO2 |BaO | Cl
AD3 038 | 039 | gog" | 026 | 029 | 0.2 | 008 | 026 | 009 | 009 011 | 014 | 020 | 022 | 020 | 042 | 036 | 009 | 004 | 0.4
N\

Acidobacieria 077 | 036 | 038 | 026 | 010 | 045 | 044 | 038 | 04 | 065 036 @ 016 | D47 | 047 | 043 | 014 | 007 | 058 | .12
Acrnihacieria 052 | 0018 | 069 | 038 | 068 | 0008 | 0.1 | 002 | 042 | 03 014 | 043 | 007 | 0.638 | 0642 | 046 | 033 | 035 | 0.3 | 038
Bacteroideies 0287 | 045 | 033 | 025 | 048 | 033 | 034 | -04 | 039 | 0004 | 013 | 005 | 021 | 03 | 032 | 033 |-012 | 063 | 012 | 0.5
Chloroflexi 074 | 064 | 0504 | 006 | 011 | 011 | 0015 | 011 | 012 | 023 0 029 | 054 | 007 | 008 | CI19 | 014 | 033 | 026 | 012
[ r—m— 068 | 072 | 062 | 031 | 043 | 05 | 027 | 004 | 033 | 008 007 | 043 [0% |02 | D2 | 04 |0B | 063 | 0| 0.1

Gemmatimonadetes | 034 | 0004 | 047 | 001 | 019 | 013 | 028 | -0.48 | 039 | 048 046 | 058 |-008 | 02 | -021 | 0.73 | 038 | -0.18 | 049 | 030

Proteohacizris 057 | 029 | 076 | 032 | 041 | 053 | 038 | 0.5 | 027 | 03¢ 012 | 04 | 035 | 046 | 048 | -018 | -008 | 025 | 04 | -048

TMT 03 [ 040 007 025 028 -028 [ 008 [ 023 | 0083 011 -0.13 01 (023 ) 012 | 021 03 | 033 | Q08 <001 -043

WP5-2 048 | 041 | poa” | 024 | 023 | 031 | 014 | 009 | 005 | 024 013 | 026 | 032 | 026 | 0.5 | 025 |-020 | 001 | 014 | -0.32




Table S5: Pearson correlation (PC) between physiochemical factors with the bacterial diversity.

pH Eaz MO |AROs S0, PO S0y K.0 Calr Fe:xD; | CrDy | MnO | NiD CuD In0 Ebh:0 | 5r0 ZrD; | BaD Cl

Shannon 0.09 |055|-016| 083 | 063| -073| -021|-048| -079|093" | 028|082 | 084| 078| -076|-038|-067| 055| 078 | 006

** _indicates P value <0.001 and is highlv significant.

Fe,O;5&FKZHMIEH (WEZHM) E1EMHEX (r=0.93) , EXHALO,,
NiO (-0.84) . SO; (-0.81) FAMnO (-0.82) FIHE ZHEME 2 AHX,




Discussion

(DAnalysis of bacterial community composition

NGSHZEN TR EER AP T ESRERRMEDNSHEENERZFE.

AEFEMRIIMERFRZRBRE AR, AITERERE, AUSHARRZRCIFMZEFIL.

ME&EI MEAMEENEMEFRBINRINERS, NARFLNIMES S EHEBNFFNMEESM
RNEZGE. HEFREMZTHREN, BEEFE, TLURESMEY, MREX, REFF; i
SEEBEWLIRHE. . fEREF, GlmER.




TRE T o -BRELIM Yy -BREETI 1 AE, HT—L4f 0T DU $F5Ea0IE
72 (ATPEEEE. TRAP : —ZEATPHUMWERREEZER) ARmIMETERF. HiffE
BT SENRAM Nkt &3k 156EE; Burkholderia (ARE/RER) BTERHA
H, REBEESMHMEREEMR (7. RE7% WREY, JUATEMES.
Bdellovibrio (3Z5\EJE) BIMFZAET ERHANEMARNBEARTBHEEENRE
9, FELRTARTEYIRGE.




(2 Metabolic prediction using PICRUSt

MEMEE, FESS5ERRANETNEIMIKCEER. &iE, BidRA16S SSU-rDNAsSH
#E, PICRUStIHHEL# A & A TR EEAERFHZE R/ AP D ER . RN RN
2| 4L B £h 45 E E A (PhnB, PhnG, PhnH, Phnl, PhnJ, and PhnM)BYE E %RPR, HAEEEFZR
carbonphosphorus lyase (hx#iZifEns) , FREBREZVHTEER.

FELIEFKEMEM, AREIBAPIMERSEETRENMR, BER/AIREIHNARESR
BR. WARFEIMT AT ENFEIAWER, BARNMEDNIIEEMRRIT T TRFHER.




(3 Association between bacterial communities with geochemical parameters

MEREEMZIMERFENT YRIRIZIERK, FMRLMREEIFe,0;, ALOSEREH
MHRBIEEXXR, BEERALUNEYRBEFAREANSESRIENINET, XEBARIIEERE
WE MR YR A X MIME TRE R .




Conclusions 7

AHSE A Nluminaill k&£ E TR 7RI R P FENBEEREN DX F S

SENRGELAE SN, BIEFEREEXNEY), URESLHIHERSEFT, FREBH
IFPRY AT BETE
A7 R B AR = 183
Fe,O; R ES XL RFNIMERREIZHFMERIEMB X,
FYEEZDENNESEZMREERENER, M TEFRBRENIFEHH

EHEENERFREXEE.
HEBIIBEFARIEFNE TN EREANFRITHE—LHMR, URARENRTERE
Y SEBRE 77 RS
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