Supplementary Data 1: Information about synthesized and PCR-amplicon targets and their probes

	Table S1. Artificial oligonucleotide target information (U = Unique or gene-specific; G = Group-specific)

	Traget-ID
	Artificial target sequences (5'->3')
	Dye
	Targeted  probe
	Spec. 
	Targeted gene/category

	T1
	GATCTCGTCGAAGGGCTCTTCGGCGGCGACGAAGGGAACCAGCAGAGAGC
	Cy5
	902747_840
	U
	902747/dsrAB

	T2
	CGGATGCATGACCATCTCGGGCACCGGCTCCAGACCGATCTGCTCCAGGA
	Cy3
	FW005228A_393
	U
	FW005228A/dsrAB

	T3
	CACTTGATGTCGCGGAAGCCGGCCTTCACGACCTCCTCCAGCTCCAGGTC
	Cy5
	DA-NIFH-E01_77
	U
	DA-NIFH-E01/nifH

	T4
	GTCGCCCAACACGTCATACGATACGTAGTCCGCGTTTTCGTACGCGCCGT
	Cy3
	ORE-NIFH-B09_207
	U
	ORE-NIFH-B09/nifH

	T5
	GGCCACGCATGGTCTTGACGACGTCGTCATAGGCTTCGCCGACGCTGTCA
	Cy5
	DA-NIRK-E07_125
	U
	DA-NIRK-E07/nirK

	T6
	CCTGAGAGTGGACGATCAGAACCGTTTCCCCGACTTTGGCCTTCATGGCG
	Cy3
	ORE-NIRK-C03_230
	U
	ORE-NIRK-C03/nirK

	T7
	CCCCGCATGACCTTCACGGTATCGTCGTAGTTGTCGCCTGCCGACTCGTA
	Cy5
	DE-NIRK-F11_123
	U
	DE-NIRK-F11/nirK

	T8
	GGCTTCACCGGGGCTGTCGTAGGTTTTGTATTTACCCTTCTCGTCCTTTG
	Cy3
	ORA-NIRK-C01_94
	U
	ORA-NIRK-C01/nirK

	T9
	GAGTTTTTCGAGTACAGAAGCACCGATACTCGCGTTCGGAAAGATTCGGA
	Cy5
	AmoAsite12-G10-072_176
	U
	Amo-G10-072/amoA

	T10
	CCTCCTCGAAGAAAATGTACGGGTTGGTCCGTGGATGCATCACCATCTGG
	Cy3
	4:FW015046A_425
	G
	FW015046A/dsrAB

	T11
	TCTCGGCTCCTGTACGTGATGAGCAACGGGTTTGATTCCGGTTGCCGTTA
	Cy5
	45:FW005298A_354_1
	G
	FW005298A/dsrAB

	T12
	CTCCTGTACGTGCTGAGCAACGGGTTTGATTCCGGTTGCCGCTAAGAGCT
	Cy3
	45:FW015015A_363_2
	G
	FW015015A/dsrAB

	T13
	ATCTCGCAGGTCTTGGGCAACTCGTTGTGGTCGATGGCCGGCACTTTGGT
	Cy5
	47:FW010025B_556
	G
	FW010025B/dsrAB

	T14
	GCGATTGGCCTCTGAATGAACGATCAAGACGTTCTCTCCAACCTTCGCTG
	Cy3
	15:ORA-NIRK-F04_238
	G
	ORA-NIRK-F04/nirK

	T15
	ATTTATATAGAAGGACTCCGGGGTTTTGCCAGCAAATTGGGATGAGGAAG
	Cy5
	8:AmoAsite12-B03-025_82
	G
	Amo-B03-025/amoA

	T16
	AACGTAATATATCCCCTTTTCAGCATCCCAGGCAAATGGCCCATTGATTG
	cy3
	12007366_1832
	U
	12007366/cellulase

	T17
	GCTGTTCCGTTAGACCAACCGTTGCGATTGCCGGGGTAGTGAACGTAACC
	cy5
	11071709_1272
	U
	11071709/merA

	T18
	GTTCTCCCCCACCGGGAGGCGACTCGCTAGGATGGAAAGCGAACCGACAA
	cy3
	15807792_275
	U
	15807792/Ar reductase

	T19
	TAGCTCATCGCTGGAGGGACCGCTTCAGTCGTGGCAGCGGTCTGAGGACT
	cy5
	19352377_16
	U
	19352377/Cr resistance protein

	T20
	GAACAGCATGCACCCTCCAGCGACAATCTCAAGGGATGACCTGACAGGGT
	cy3
	22003701_216
	U
	22333701/mcrA

	T21
	GATCTTGAACACCGCTACCGACGCGGCGATCTCGGGTTCGGGGTTGAGCG
	cy5
	22252884_219
	U
	22252884/nirS

	T22
	AACTCGGGGATCTTCTCTTCCTTCGCGACGTGCTGGTACCACTTGGAGTG
	cy3
	18369656_244
	U
	18369656/bzdO

	T23
	TCGCGGCGCCCGCATTCAGTTCAATGTCCCCCTCGGCGGGGAAAATTTCT
	cy5
	12313640_13
	U
	12313640/urease

	T24
	TCGAACAGCATGCATCCTCCGGCCACGATCTCAAGTGATGAGCGTACCGG
	cy3
	21:22003692_218
	G
	22003692/mcrA

	T25
	CAGACCGGACCGAATTTTGCGTCAACAAAATTCGCGCCACGACCGGGATG
	cy5
	25:24421447_266
	G
	24421447/nirS


	Table S2. Information of PCR-generated targets hybridized with their gene-specific probes on the GeoChip

	Target-ID
	Forward primer (5'->3')
	Reverse primer (5'->3')
	Template
	Primary probe-ID
	Gene/category
	Size (bp)

	P1
	TCACCACGAAGTCTTGAAGC
	CTGGTCTGTTGCGATGATGT
	Lab clone
	FW010117B_436
	FW010117B/dsrAB
	661

	
	
	
	(dsrA-C11)
	FW010117B_613
	
	

	
	
	
	
	FW010117B_671
	
	

	P2
	GATGGTGGATGGAGTTGGTC
	CCTTCTTCTGACGCTCTTCG
	Lab clone
	FW010245A_189
	FW010245A/dsrAB
	262

	
	
	
	(dsrA-C12)
	FW010245A_220
	
	

	
	
	
	
	FW010245A_77
	
	

	P3
	AAGCTGGGACTACCACGAGA
	CTACGATTTCCACCGATTGC
	Lab clone
	FW015318B_180
	FW015318B/dsrAB
	617

	
	
	
	(dsrB-D5)
	FW015318B_188
	
	

	
	
	
	
	FW015318B_200
	
	

	P4
	GGGAAGTGGAAATACCACGA
	GACTGGACACCTTCGACCAT
	Lab clone
	FW300088B_251
	FW300088B/dsrAB
	626

	
	
	
	(dsrB-D6)
	FW300088B_307
	
	

	
	
	
	
	FW300088B_364
	
	

	P5
	ACCACGTCGCAGAACACC
	ATCTCCTGCGCCTTGTTCTC
	Lab clone
	DA-NIFH-E01_77
	DA-NIFH-E01/nifH
	392

	
	
	
	(nifH-E01)
	
	
	

	P6
	CCGAGATGGGACAGAACATT
	TAGATTTCCTGCGCCTTGTT
	Lab clone
	ORE-NIFH-B09_199
	ORE-NIFH-B09/nifH
	361

	
	
	
	(nifH-B09)
	ORE-NIFH-B09_207
	
	

	P7
	AAGGACGAAAAGGGCAAGC
	GATCAGGTGCGGACGAGT
	Lab clone
	ORE-NIRK-C03_124
	ORE-NIRK-C03/nirK
	285

	
	
	
	(nirK-C03)
	ORE-NIRK-C03_230
	
	

	
	
	
	
	ORE-NIRK-C03_252
	
	

	P8
	GCCTCAAGGACGACAAGG
	CGTGTCACGGTTGGCTTG
	Lab clone
	DE-NIRK-F11_103
	DE-NIRK-F11/nirK
	275

	
	
	
	(nirK-F11)
	DE-NIRK-F11_123
	
	

	
	
	
	
	DE-NIRK-F11_238
	
	

	P9
	CGGGTACAATCCCGAAAAG
	GATGAGGTGGTGCGAGAACT
	Genomic DNA
	902748_270
	gi|902748/dsrAB
	1069

	
	
	
	(D. vulgaris)
	902748_32
	
	

	
	
	
	
	902748_56
	
	

	P11
	GTTGCTGCGAGCGATTTATT
	AAGTATTCCGCCATCTGCTG
	Genomic DNA
	24372305_11
	gi|24372305/cytC
	279

	
	
	
	(S. oneidensis)
	24372305_97
	
	

	P12
	TTCTCGCAACAGAAAAAGGAA
	TTCCTCCTTCTCCAACTTCG
	Genomic DNA
	5712689_430
	gi|5712689/cellulase
	858

	
	
	
	(M. maripludis)
	5712689_488
	
	

	
	
	
	
	5712689_759
	
	


	Table S3. Information of PCR-generated targets to be hybridized with their group-specific probes on the GeoChip 

	Target-ID
	Forward primer (5'->3')
	Reverse primer (5'->3')
	Template
	Targeted probe-ID
	Gene/category
	Size(bp)

	G14-1
	AGACGGCCTCACCGACGGCAA
	CAGACATAGTCGCCATGACC
	Lab clone
	14:DA-NIRK-D09_20
	NIRK-C08/nirK
	318

	
	
	
	(Nirk-C08)
	
	NIRK-C09/nirK
	

	G15-1
	ACGCCCTTCATTACGACAAG
	GTCGCGATTGGCCTCTGAAT
	Lab clone
	15:ORA-NIRK-F04_215
	ORA-NIRK-F04/nirK
	251

	
	
	
	(NirK-F04)
	15:ORA-NIRK-F04_229
	ORA-NIRK-F11/nirK
	251

	
	
	
	
	15:ORA-NIRK-F04_238
	
	

	G15-2
	ACGCCCTTCATTACGACAAG
	GTCGCGATTGGCCTCTGAAT
	Lab clone
	15:ORA-NIRK-F04_215
	ORA-NIRK-F04/nirK
	251

	
	
	
	(NirK-F11)
	15:ORA-NIRK-F04_229
	ORA-NIRK-F11/nirK
	251

	
	
	
	
	15:ORA-NIRK-F04_238
	
	

	G27-1
	GACGGTCTCAAGGATGGCAGT
	AGTGAATGATCAGCACGGTTT
	Lab clone
	27:DA-NIRK-C10-108
	DA-NIRK-C10/nirK
	259

	
	
	
	(NirK-C10)
	27:DE-NIRK-G06-35
	DE-NIRK-G06/nirK
	259

	
	
	
	
	27:DE-NIRK-G10-23
	DE-NIRK-G10/nirK
	258

	
	
	
	
	
	DE-NIRK-B12/nirK
	

	G27-2
	GACGGTCTCAAGGATGGCAGT
	AGTGAACGATCAGCACGGTTT
	Lab clone
	27:DA-NIRK-C10-108
	DA-NIRK-C10/nirK
	259

	
	
	
	(NirK-G06)
	27:DE-NIRK-G06-35
	DE-NIRK-G06/nirK
	259

	
	
	
	
	27:DE-NIRK-G10-23
	DE-NIRK-G10/nirK
	258

	
	
	
	
	
	DE-NIRK-B12/nirK
	

	G27-3
	ACGGTCTCAAGGATGGCAGT
	AGTGAATGATCAGCACGGTTT
	Lab clone
	27:DA-NIRK-C10-108
	DA-NIRK-C10/nirK
	259

	
	
	
	(NirK-G10)
	27:DE-NIRK-G06-35
	DE-NIRK-G06/nirK
	259

	
	
	
	
	27:DE-NIRK-G10-23
	DE-NIRK-G10/nirK
	258

	
	
	
	
	
	DE-NIRK-B12/nirK
	


Supplementary Data 2: Key steps for GeoChip construction
The GeoChip construction includes the following major steps: 

(a) Retrieval of functional gene sequences

For constructing comprehensive FGAs, a computer program, GeneDownloader was developed to retrieve gene sequences based on a query composed of key words that are characteristic of a particular protein (e.g. nitrite reductase), and/or gene (nirS), and other information in conjunction with operations, such as AND, OR, and NOT. Each retrieved sequence contains not only the protein and DNA sequences but also other information, including gene/protein name, gene/protein category, gene/protein length, functions, organism (or uncultured), and length. Totally, approximately 19,000 sequences were retrieved, and all retrieved sequences were manually edited, and then selected for probe design. To ensure that probes were selected at the conserved regions of a gene, a multiple sequence alignment (MSA) was conducted for each functional gene. Undesirable regions were masked based on the alignment, and desirable regions were chosen to generate oligonucleotide candidates, but probe specificity was evaluated based on full sequences.
(b) Oligonucleotide probe design criteria

Selection of optimal oligonucleotides for a complex set of sequences faces a lot of challenges. One of major challenges is the lack of standardized oligonucleotide design criteria. Initially, Kane et al. (S1) suggested that an oligonucleotide probe showing >75% identity with non-targets might cause cross-hybridization for 50mer oligonucleotides. This study also showed that a 50mer probe, which had a 15-base, 20-base or 35-base stretch with non-targets, had approximately 1%, 4% or 50% of the target signal intensity, respectively (S1). Similar results were observed for 60mer oligonucleotides (S2). Based on our previous studies, the three parameters, sequence identity, continuous stretch, and free energy were considered together, and a set of criteria were empirically established for the design of gene-specific and group-specific oligonucleotide probes (S3).  For FGA probe selection, those criteria can be further relaxed (S4). Therefore, the criteria used in this FGA design were chosen as stated in Oligonucleotide probe design, synthesis and fabrication of the Materials and Methods section.
(c) CommOligo software

To select oligonucleotides for this array, a software tool called CommOligo (S5) with an additional feature for group-specific probe selection has been developed.  The software specially targets functional gene sequences. For example, the program considers a combination of three criteria, sequence identity, continuous stretch, and free energy, so each single criterion may be relaxed (S4). It also uses global alignments for more accurate calculations of identity and free energy. The program is able to select multiple probes for each sequence (gene-specific) or each group of highly homologous sequences (group-specific). Up to three probes for each gene sequence were designed for this array. In addition, the program ranks all probe candidates using a combination of user-configurable piece-wise linear functions and an iterative process (S5), which ensure that the best probes are selected. 
(d) Gene-specific and group-specific probes

Although some software tools are available for oligonucleotide probe design (S6-11), most of them have been developed for whole genome sequences and not for microbial community sequences.  Due to sequence homology, most of sequences may not have gene-specific probes. To enhance the array application, a new feature for selecting group-specific probes has been implemented. Therefore, the gene coverage by the array greatly increased. In this array, about 30% of genes were covered by group-specific probes, which are important for microbial community analysis.
(e) Probe verification and output

Generally more probes can be selected with the probe design criteria than it requires for each sequence, and the computer program CommOligo ranks all probe candidates. To ensure the whole array specificity, up to 5 candidate probes from each sequence were verified using the same design criteria against GenBank databases. A Perl script called ProbeChecker performed this task. Each oligonucleotide was BLASTed against GenBank databases. If it had significant identities (80%) or continuous stretches (14-base) with non-targets, the oligonucleotide was further examined. In this case, the criteria for probe verification were the same as those for probe design. The oligonucleotide was discarded if it was not qualified. Otherwise, it is deposited in the output file in a 96-well plate format for direct order with up to three probes for each sequence. For the output file, we considered a few ways to arrange printing plates: (i) All probes were able to spot on a single slide; (ii) The first probes for each sequence were put together so that we might only spot all first probes in a single slide; (iii) All probe for nitrogen cycling, carbon cycling, sulfur cycling, metal reduction and resistance, or organic degradation were output separately so that we might only focus on one or more processes.
	Supplementary Data 3. Probes and target genes by category on the GeoChip

	
	
	
	
	

	Target Gene
	 
	Type of Probe
	 

	Category
	Description
	Unique
	Group
	Total Probes

	C Degradation
	cellulase
	1213
	72
	1285

	 
	chitinase
	651
	93
	744

	 
	laccase
	242
	85
	327

	 
	mannanase
	181
	5
	186

	 
	phosphogluconolactonase
	54
	3
	57

	 
	polygalacturonase
	188
	18
	206

	 
	other
	3
	
	3

	C Degradation Total
	 
	2532
	276
	2808

	C Fixation
	CO-dehydrogenase
	30
	 
	30

	 
	FTHFS
	136
	75
	211

	 
	rbcL
	342
	49
	391

	 
	rbcS
	31
	81
	112

	 
	other
	200
	74
	274

	C Fixation Total
	 
	739
	279
	1018

	Methane Generation/
	mcr
	32
	75
	107

	Oxidation
	mcrA
	151
	138
	289

	 
	mcrG
	11
	30
	41

	 
	mmo
	30
	27
	57

	 
	mmoA
	51
	10
	61

	 
	pmo
	17
	3
	20

	 
	pmoA
	127
	39
	166

	 
	other
	18
	11
	29

	Methane Total
	 
	437
	336
	773

	S Reduction
	dsrA
	727
	177
	904

	 
	dsrB
	559
	152
	711

	S Reduction Total
	 
	1286
	329
	1615

	Metal Resistance/
	aluminum
	82
	3
	85

	Reduction
	arsenic
	775
	102
	877

	 
	bismuth
	 
	3
	3

	 
	cadmium
	237
	45
	282

	 
	chromium
	303
	16
	319

	 
	cobalt
	187
	22
	209

	 
	copper
	532
	79
	611

	 
	cytochrome
	590
	30
	620

	 
	lead
	36
	
	36

	 
	mercury
	439
	109
	548

	 
	nickel
	135
	5
	140

	 
	selenium
	11
	
	11

	 
	silver
	30
	
	30

	 
	tellurium
	555
	72
	627

	 
	vanadium
	14
	3
	17

	 
	zinc
	110
	18
	128

	 
	other
	3
	
	3

	Metal Total
	 
	4039
	507
	4546

	N Fixation
	nifD
	75
	 
	75

	 
	nifH
	1147
	
	1147

	 
	other
	3
	
	3

	N Fixation Total
	 
	1225
	 
	1225

	Nitrification
	amoA
	81
	53
	134

	 
	amoA/pmoA
	2
	1
	3

	 
	amoB
	20
	7
	27

	 
	amoC
	4
	6
	10

	 
	hao
	6
	2
	8

	 
	other
	138
	27
	165

	Nitrification total
	 
	251
	96
	347

	N mineralization
	gdh
	235
	0
	235

	
	urease
	380
	817
	1197

	N mineralization Total
	 
	615
	817
	1432

	Denitrification
	narB
	24
	27
	51

	 
	narG
	501
	156
	657

	 
	nasA
	161
	59
	220

	 
	nasD
	3
	
	3

	 
	niiA
	3
	
	3

	 
	nir
	2
	
	2

	 
	nirA
	9
	1
	10

	 
	nirB
	6
	
	6

	 
	nirD
	3
	
	3

	 
	nirK
	309
	75
	384

	 
	nirS
	364
	92
	456

	 
	norB
	124
	8
	132

	 
	norZ
	1
	
	1

	 
	nosD
	3
	
	3

	 
	nosZ
	292
	83
	375

	Denitrification Total
	 
	1805
	501
	2306

	Phosphorus utilization Total
	89
	56
	145

	Contaminant
	2,4,5-T
	36
	 
	36

	Degradation
	2,4-D
	66
	2
	68

	 
	3-chlorobenzoate
	53
	
	53

	 
	4-chlorobenzoate
	44
	17
	61

	 
	acetylene
	78
	12
	90

	 
	acrylonitrile
	424
	11
	435

	 
	aminobenzenesulfonate
	3
	
	3

	 
	aminocyclopropane
	49
	3
	52

	 
	aniline
	74
	3
	77

	 
	atrazine
	100
	9
	109

	 
	benzene
	51
	22
	73

	 
	benzoate-aerobic
	156
	11
	167

	 
	benzoate-anaerobic
	646
	78
	724

	 
	benzonitrile
	188
	42
	230

	 
	biphenyl
	206
	68
	274

	 
	camphor
	36
	9
	45

	 
	carbazole
	27
	24
	51

	 
	carboxysulfoazobenzene
	5
	
	5

	 
	catechol
	225
	47
	272

	 
	catechol-meta derivative
	168
	24
	192

	 
	catechol-ortho derivative
	473
	45
	518

	 
	chloroacrylic acid
	15
	
	15

	 
	chlorophenol
	32
	3
	35

	 
	cresol
	40
	9
	49

	 
	cyanamide
	9
	
	9

	 
	cyanuric acid
	134
	12
	146

	 
	cyclohexanol
	73
	14
	87

	 
	cyclopentanol
	15
	1
	16

	 
	cymene
	57
	24
	81

	 
	dibenzofuran
	22
	5
	27

	 
	dibenzothiophene
	143
	13
	156

	 
	dichloroethane
	35
	10
	45

	 
	dichloromethane
	6
	3
	9

	 
	dioxin
	6
	
	6

	 
	DMSO
	97
	53
	150

	 
	dodecyl sulfate
	89
	3
	92

	 
	ethylbenzene-aerobic
	20
	7
	27

	 
	ethylbenzene-anaerobic
	3
	9
	12

	 
	fluorene
	6
	
	6

	 
	gallate
	9
	
	9

	 
	gentisate
	39
	6
	45

	 
	g-hexachlorocyclohexane
	33
	14
	47

	 
	glyphosate
	26
	
	26

	 
	haloacetate
	9
	
	9

	 
	haloacid
	107
	27
	134

	 
	homogentisate
	81
	9
	90

	 
	homogentisate-derivative
	55
	9
	64

	 
	hydroxyacetophenone
	24
	
	24

	 
	isopropylbenzene
	27
	27
	54

	 
	limonene
	18
	
	18

	 
	mandelate
	12
	
	12

	 
	methanesulfonic acid
	21
	
	21

	 
	methyl bromide
	24
	9
	33

	 
	methylquinoline
	12
	
	12

	 
	MTBE
	48
	13
	61

	 
	naphthalene
	137
	106
	243

	 
	naphthalenesulfonate
	6
	
	6

	 
	nicotine
	16
	3
	19

	 
	nitrilotriacetate
	81
	18
	99

	 
	nitrobenzene
	45
	14
	59

	 
	nitrobenzoate
	55
	
	55

	 
	nitroglycerin
	6
	
	6

	 
	nitrophenol
	6
	
	6

	 
	nitrotoluene
	28
	4
	32

	 
	octane
	28
	5
	33

	 
	parathion
	23
	
	23

	 
	pentachlorophenol
	47
	8
	55

	 
	pentaerythritol tetranitrate
	3
	
	3

	 
	phenanthrene
	144
	5
	149

	 
	phenol-aerobic
	229
	49
	278

	 
	phenol-anaerobic
	23
	
	23

	 
	phenoxybenzoate
	15
	
	15

	 
	phenylacetaldoxime
	6
	
	6

	 
	phenylpropionate
	286
	10
	296

	 
	phthalate
	149
	6
	155

	 
	protocatechuate
	342
	33
	375

	 
	pyrene
	59
	17
	76

	 
	salicylate
	102
	10
	112

	 
	TCE/PCE
	21
	14
	35

	 
	tetrahydrofuran
	12
	
	12

	 
	thiocyanate
	219
	18
	237

	 
	toluene-aerobic
	87
	16
	103

	 
	toluene-anaerobic
	80
	
	80

	 
	vanillin
	176
	15
	191

	 
	xylene
	34
	29
	63

	 
	perchlorate
	21
	 
	21

	Contaminant Total
	 
	6941
	1087
	8028

	Grand Total
	 
	19959
	4284
	24243
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