
 

Supplemental Information titles and legends  

Data S1. Sequence alignment of denitrification enzymes in Globobulimina. Related to 

Figures 2–4. Multiple sequence alignment of representative protein sequences of 

Globobulimina Nrt, NirK and Nor (shown in bold) with homologs obtained from literature. 

Functional associated domains obtained by CD search of individual sequences are 

highlighted in different colours. A) Two types of Nrt with homologs from literature. The typical 

prokaryotic NarK superfamily domain is present in all of them. Note that although the 

Nterminus of Nrt II is incomplete it has an extended length in comparison to the other 

homologs (Nrt I: GloG15_CONTIG80510:375-855,926-2061(+); Nrt II:  

GloG15_CONTIG110211:243-1504,1578-2146(-)). B) Two representative NirK sequences 

and corresponding homologs from literature. The cupredoxin domains I and II are represented 

in grey and blue, respectively. Conserved copper ligand binding sites are highlighted in green. 

Furthermore, amino acid residues at predicted splice site positions on the corresponding 

genome contig sequences are shown with a black background, and nucleotides surrounding 

individual splice sites are mentioned above. Nucleotides flanking splice sites are shown by 

sequence outlines starting with the 3’-end of the exon before (i.e., exon|intron|exon). Splice 

sites were mapped from genomic splice sites prediction obtained for associated genomic 

contigs using BRAKER tool (GloG15_CONTIG58586 for NirK I and GloG15_CONTIG57448 

for NirK II). One splice site shown in brackets relies on manual prediction based on the break 

in sequence similarity of the transcript in comparison to the genomic contig and presence of 

canonical nucleotides found and splice sites. (NirK I: GloT15_NODE_12185:141-2504(-); 

NirK II: GloT15_NODE_4197:1119-3623(+)). C) Two types of Nor with homologs from Nor 

and Nod candidates. The typical Cytochrome c oxidase domain superfamily domain is present 

in all homologs. Conserved amino acid residues of the catalytic site are highlighted in red for 

Nod candidates and in green for NorZ or both enzyme types. Globobulimina Nor exhibits 

typical conserved residues found for Nod (Nor I: GloG15_CONTIG49717:890-3289(+); Nor II: 

GloT15_NODE_10819:151-2556(+)  

  

Data S2. Detailed phylogenies of denitrification enzymes identified in Globobulimina. 
Related to Figures 2–4.  Complete phylogenies of denitrification enzymes identified in the 

current study and homologs from public databases. Colour coding of the terminal sequence 

names denote homologs obtained from genomics (GloG15: red) and transcriptomics (GloT14: 

green; GloT15: blue) assemblies or from public protein sequence databases (black). The 

background colour coding indicates different taxonomic groups. Different protein families are 

given at the tree branches. Note that sequences identified in Globobulimina can be 



 

distinguished from associated bacteria by being binned into the Globobulimina draft genome 

(as indicated by #) and forming a clade with the corresponding transcripts obtained from 

transcriptome data. Original query sequences used to find homologs in sequencing 

assemblies are highlighted with asterisks (*). Numbers at the branches indicate bootstrap 

support (BS) relying on 100 replicates, and the scale bar refers to substitutions per side. Thick 

branches mark the root neighbourhood as inferred with MAD. The branches in the root 

neighbourhood were identified as following: i) branch ancestral deviations (r) were calculated 

with MAD, and the minimal value was determined (rmin), ii) the ambiguity index of branches in 

respect to rmin, calculated as AI = rmin/rn, was inferred, iii) branches having an AI > 0.95 are 

considered as the root neighbourhood. A) Nitrate/nitrite transporter (Nrt) protein. The tree 

shows two diverse clades supported by Globobulimina genomics and transcriptomics. The 

other clades are only supported by genomics, indicating representation by associated bacteria 

only. Nrt shown in the current study represents the NNP family of transporters or NarK protein 

superfamily belonging to the MFS transporter family. The clade associated with 

Globobulimina clade I contains eukaryotic Nrt protein (e.g., Nrt2.1 and Nrt2.4 found in 

Arabidopsis thaliana; O82811 and Q9FJH8, respectively), while the clade containing 

Globobulimina clade II is nearly exclusively bacterial (e.g., containing NarK and NarU from 

Escherichia coli; accessions P10903 and P37758, respectively). Homologs of transcriptome 

assemblies that group with Chlorella and Symbiodinium are likely contamination as they were 

not sorted into the Globobulimina draft genome, and the corresponding transcript contigs are 

lowly represented. Rooting was performed using representatives of DHA14 and ACS family 

of MFS transporters as outgroup. B) Copper-containing nitrite reductase (NirK). The tree 

shows two monophyletic clades of Globobulimina homologs grouping with type Class II of 

NirK. Both of them group with a prokaryotic clade containing archaea, albeit the BS is only 

62. Although eukaryotic homologs are present, they form a distinct cluster. Note that NirK 

homologs previously proposed in association with denitrification of endobiotic origin in other 

foraminifera species [S9,S11] (highlighted by black circles) do not cluster with any homolog 

(neither Globobulimina nor associated bacteria) identified in the current study. The tree was 

rooted with MAD. C) Cytochrome cd1-containing nitrite reductase (NirS). The tree shows no 

homologs of the Globobulimina draft genome indicating a sole representation by associated 

bacteria. The most abundant sequences are related to Colwellia psychrerythraea, although 

overall a diversity of taxa is observed. Note that NirS homologs previously proposed in 

association with denitrification of endobiotic origin in other foraminifera by Bernhard and 

colleagues (highlighted by black circles; [S9,S11]) do not group closely with any homolog 

identified in the current study. Rooting was performed by applying the MAD method. D) Nitric 

oxide reductase (Nor). The tree shows two distinct clades representing NorB and NorZ protein 

families. While NorB is restricted to homologs found in genomics and, therefore, represents 



 

associated bacteria, NorZ contains a Globobulimina-associated clade supported by 

Globobulimina genomics as well as transcriptomics. Only one homologous transcript was 

found outside of this clade, but as it exhibited only a low level of transcription, it probably 

represents contamination. The tree was rooted using two cbb3 oxidases as outgroup. E) 
Prokaryotic periplasmic nitrate reductase (NapA). The tree shows only homologs from 

associated bacteria (i.e. genome data not allocated to the Globobulimina draft genome). The 

most represented genes group with homologs of Vibrio and Photobacterium. Although the 

clades at the top group with the NapA paralogs NarB and NasA, they were still included due 

to difficulties to clearly distinguish these paralogs from NapA orthologs. MAD rooting was 

applied, and paralogs were distinguished from orthologs using NarB and NasA outgroup 

sequences. Rooting of the final phylogeny is based on the MAD method. F) Membranebound 

nitrate reductase (NarG). The tree shows that only homologs in the genomics data were 

identified indicating the absence from the Globobulimina draft genome and sole 

representation of associated bacteria. Sequences form three clades. While automatic 

annotations from NCBI indicate a NarG function of all of them, only one clade contains protein 

sequences obtained from literature. The most abundant genes group with two sequences of 

Nitrospirae, although not closely. Rooting was performed by applying the MAD method. G) 
Nitrous oxide reductase (NosZ). Only the homologs from associated bacteria are represented. 

The most abundant genes cluster with Colwellia psychrerythraea. Rooting was performed by 

applying the MAD method. H) Eukaryotic assimilatory nitrate reductase (Nr) and paralogs. All 

Nr homologs of the Globobulimina draft genome form a clade with sulfite oxidases, albeit with 

a low BS of 40. The clade of Nr from literature is a sister clade to eukaryotic sulfite oxidases. 

Most other clades represent prokaryotic specific taxa as indicated by the absence of 

transcriptomics homologs and Globobulimina draft genome classification.  

Three transcript sequences branch distantly with Nr proteins but are neither supported by 

genomics nor do they show the typical functional domain structure of Nr (See Figure S3). The 

tree was rooted using the MAD method. I)–K) Globobulimina Nrt, NirK and Nor phylogeny 

(respectively) including foraminifera homologs from public databases. The trees were rooted 

at the corresponding branches determined for phylogenies without homologs from public 

databases. The topology of foraminifera homologs derived from public databases is 

highlighted by arrows.  

Table S4. Denitrification protein catalogue from literature and public databases.  
Related to Figures 2–4.  

Table S5. IDs of homologs removed for phylogenetic reconstructions. Related to 
Figures 2–4.  
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   Figure S1. Validation of denitrifying gene sequences. Related to Figures 3–4. Schematic representation of validated gene fragments (red) 
and their correpsonding size (numbers below fragments) for A) nirK clade I, B) nirK clade II and C) nor clade I.
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Figure S2. Distribution of denitrification enzymes in Globobulimina associated bacterial draft genomes. Related to Figure 5. 
Presence/absence of denitrification enzyme homologs in different draft genome obtained from genomics data. The proportion of covered 
denitrification steps and predicted genome completeness is indicated in the “Denitr.” and “Compl.” columns, respectively. Represented proteins 
refer to those protein sequences determined by phylogenies and shown in Data S2. The only exception is the NapA homolog of Colwellia 
psychrerythraea (GloG15_CONTIG22649:3-230(-)). This homolog was replaced during protein clustering to reduce redundancy by 
GloG15_CONTIG63497:3-2366(-) in Data S2 and is 99% identical to the former.
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Figure S3. Comparison of protein domain structure of Globobulimina Nr homologs, Nr and sulfite oxidase proteins. Related to Figure 
5. Conserved domain family are highlighted on protein sequences as identified by CD-search. Names and accessions of domains are given in 
corresponding colour. Domain structure of sulfite reductases and eukaryotic assimilatory nitrate reductases (Nr) differ substantially and the two 
representative homologs of Globobulimina clearly resemble the former. Names of sequences referring to the current study are shown in bold. 
An additional domain structure containing a ‘MOSC_N’ domain was observed for an individual cluster of Globobulimina homologs. It is only 
represented by transcriptome data, hence encoding in the genome of Globobulimina is not supported.



A B 

C 

D 

Figure S4. Description of the incubation system. Related to STAR Methods. A) Picked foraminifera were placed in PVC well plate where 
each well contained sterile quartz sand and one individual. B) Well plates were placed in culturing vessels that were filled with equilibrated 
sterile 30 psu, 20 μmol l-1 NO3

- ASW (C–D). These culturing vessels were then incorporated to one of two culturing systems assembled to 
reproduce Alsbäck Deep environmental conditions. One system was dedicated to natural oxygen concentration of the Alsbäck Deep (125 μ
mol/l) during summer whereas the second system was completely drawn down of oxygen (<10 μmol/l). Each system was filled with sterile 
ASW and sparged to oxygen concentration of interests with N2, CO2 and O2 pre-mixed gas (AGA Gas A; gas entries indicated by red arrows) 
before and during the length of the experiments. Culturing vessels were only added once systems were equilibrated and stable. The bioinformat-
ics analysis of transcriptomes from the two incubation systems did not reveal patterns of significantly different transcript abundances for Nrt, 
NirK or Nor genes (Using R software package edgeR). Consequently, the genomics and transcriptomics data from the different conditions was 
merged with the ambient samples for further analysis.



Table S1. Denitrification rate measurements for Globobulimina spp. Related to Figure 1.

Replicate Species Number of

specimens

Mean

denitrification

rate1

1 sd
1 1 sem

1 N2

1 G. turgida 4 250 10.8 4.8 5

2 G. turgida 4 63 3.3 1.7 4

3 G. turgida 3 220 3.3 1.2 8

4 G. turgida 5 28 0.5 0.2 4

5 G. turgida 5 1712 10.8 4.8 5

6 G. turgida 5 105 1.6 0.7 5

7 G. turgida 5 75 2.5 1.2 4

8 G. turgida 5 29 1.8 0.9 4

1 G. auriculata 4 99 3.3 1.5 5

2 G. auriculata 4 46.9 1.0 0.4 5

3 G. auriculata 5 124 4.0 1.8 5

4 G. auriculata 5 29 0.6 0.3 5
1 pmol individual-1 day-1

2 number of measurements



Table S2. Foraminifera protein sequences derived from public database data. Related to Figures 2–4.

 
>Sorites sp. Nrt (CAMPEP_0114658376) 
MCVQSAEGVTFAVVPFVRPNSVGPVAGIVGAGGNVGAMIFAFALFAYVPDNLSYEA
AWFILAAFVFIASFSCLLISFTKEETAIANEKMKEIKTDDTVKADDGETTKLTTDAESV
VTTSSAGNLTTSPSEGNQSNHNGIEMADL 
>Ammonia sp. ‘North Sea’ Nrt* (CAMPEP_0197046718) 
METNPNTPKRLLRVGGISVNAHNKAVQFSIFSKCGSFHVSNFWITTVSFWICFFVWF
GNLNLLPWITKDDNYGIPLSTAQKSLSATLLTLSTTIFRVIIGDLADKIGSRYCYLLILVC
SFIPVCALSFISSPTAYVVLNFFIGIVGASFVITEYHTTQFYVDRLVGLANATAAGWGN
FGGGCAAIFMPFLATTVESKYGVNPWRYITFCSSLLLIIPMILYYYFAVDTVNGNLNY
QSMVTRKKLLDFSVLWQTVKDSRTWILFAVYMACFGVEITVISFLQEYFRDTYGLSP
DRAGLYVFMFSCLNLFARSVGGYGSDILYKKYSIQGRVYILVLTLLAESIFLLIFAFSSF
NLGYCVVILLFFSFYVQCAEGITYAIVPFVKIGENKNIGPIYGIVAAGGNAGSVLFAST
VFAFTPNVCEQPQLGCERNTISYQTAFIILAMFVGLVAFLSLCIKFTAKEIREADELLM
SFLKKHHRAIYGQHEEQHAEQQQTPDTNNNNNSNNNNNNTENAQ 
>Rosalina sp. Nrt (CAMPEP_0201568782) 
MVSNRVVGFAQAITAGFGNFGGGCANSVMPLLLYHFDLSWRVYITILSVILIILAIIYYF
GTDDVFQPDNNNLNVKDNNNISSPNQSTTNDNDQAILLQHEESGSISSNNHPHNSN
RKFSSSDIDTITAPTHIRGSFVETICDYRVW 
>Elphidium margaritaceum Nrt (CAMPEP_0202730370) 
MPTLARVIENTNDYNAWRVITFASGLLLIIPLCLYYYFAVDTIEGNLDYKTMLTRQKLL
DFSVLKATLRDRRTWILFVVYMICFGVEITVISFMQDYLRDTFNVDNTTAGLIVFVFS
CLNLFARSVGGGSSDVLYRKFGIQGRVYILFLVLIAEAIFLFIFGFSDFSLGYSIFVLLF
FSFYVQVAEGVTYAIVPFVKIGVHKKIGPIYGIVAAGGNFGSFLFSGTLFYLTPNSQSL
ISYRLAFVILSLIIFLGAFTTLKIKFTAKEIRDADELLTSFLKVHESTLTMPPSPSPTKPV
TEAAVX 
>Ammonia sp. ‘Camargue’ Nrt fragment 1* SRR2003283.150025:3-380(+) 
SRERYILVLTLLAESIFLLIFAFSSFNLGYCVVILLFFSFYVQCAEGITYAIVPFVKIGEN
KNIGPIYGIVAAGGNAGSVLFASTVFAFTPNVCEQPQLGCERIRSAIRLRSLSCRCLS
VWSSFL* 
> Ammonia sp. ‘Camargue’ Nrt fragment 2* SRR2003283.72844:476-3(-) 
GLFICRGHPDHTRRLYVVRPVLVSILLASCLWFAVVVITVLMMKYLLCCNYLSSTKQS
VQRTFTILSMKHTWIMAYLYTTFSGFIGFSASFPVLIKQFYPNVNELHYAWLGPFVAS
AIRPFGGWLSDKLGGARVTHWTIVVKVVTVIAVGLVIMTLAA 
> Ammonia sp. ‘Camargue’ Nrt fragment 3* Assembled from multiple 
SRR2003283 reads 
XXLSPVCLGSLRRAARDYAQKQASVRVVDEYDEPNGAINMHDEDDFAASPKTNAA
TDDMKNDPDLGEPSNNEPLKSHTNTHTTTASRNRSPVCIHTFQAHTNIVAIYHFWSV
TESDTDFWRQYGQSVATKNLWISIGNLTLAFAVWIIWSIVVVLLFTLAA 
>Bulimina marginata Nrt fragment SRR2003397.185677:2-451(+) 
QPRVYTILMLGFFSLYCQIAQGIVFAIIPGLPHQRYIGLIMGLIASGGNFGAIMGSFFVF
YNVPNLIHYQTAWAICAIFVFVASFSVLFIKFTKKXIDEALWTKSNDLFSIIVQQPKKSG
NATRRIYQDSLFIDIYRIKLFTPFFLIFC* 
>Nonionellina sp. Nrt fragment 1 SRR2003403.1266:546-1(-) 
EYLTLEVRIGGWSSRRIKNLVSLKKVILASIDRLSAFPVAGMALVTVHRLYHCIFIDWY
CWCQSFVITQYHTTAMFAGKTVGTANATSAGWGNFGGGCANFFMPLLYFHFKDTY
ELSNSTAWRLCMIIPGLSYIVMSVVYWVFTVNKPGSDVQKEKPDGIGLDQNPKKAE
ERLCLKSDSRG* 
>Nonionellina sp. Nrt fragment 2 SRR2003403.26623:325-2(-) 
MFAGKTVGTANATSAGWGNFGGGCANFFMPLLYFHFKDTYELSNSTAWRLCMIIP
GLSYIVMSVVYWVFTVNKPGSDVQKEKPDGIGLDQKPQKGGGASVFKVGQPRL 
>Brizalina sp. NirK fragment  SRR2003388.68811:22-213(+) 
MMVVGFHLVEVVMEYLSMKDSHVQTVLFNADGTDIEFVSHFMRDYTTPTIDTSHSK
FPFQFHL 
>Rosalina sp. NirK fragment 1 Assembled from MMETSP0190 reads 
ELEAGHTFEFFTYNATIPGPPIRVRVGDWIDLT 
>Rosalina sp. NirK fragment 2 Assembled from MMETSP0190 reads 
SPQQNIQTTTVPPGGCAVTDWRHDTPGQF 
>Brizalina sp. Nor fragment 1 Assembled from SRR2003388 reads 
VCLGSLRRAARSTTEYDGGILSKKAAERAXYIAVMLFSXLPPLVXDIIFIGXPNQQVXL
HXVQHLVPRKXFHXYYXHLIRGKYIQMNEKGTKLNKRKENQQFIMKEVWLFVLDVN
FWNIFGAGILGSFINLPVVNYYMHSTYLTGNHAHSAMWGVKGNIALAGMLFCMQHS
IKKNHGVLNXYLLHFGHLMVVLHXXCFMFIPIGLFHMYVTMDQGLWAARNHQMQTS
QAYQLLSKGRAIGGHLFLWDGLFPLVYFTCSRYFHLKPTTKIMVMQNINVRG 
>Brizalina sp. Nor fragment 2 Assembled from SRR2003388 reads 
SRGRDIXSIYHRNCSILYREMGSAADVAAERATYIAVMLFFLTATIGVGHNFYWIAKP
TGVIALGSAFSTTQVIPLILLTFNAWKYIQMNEKAQIEQKKGNQQFIMKEVWLFVLGV
NFWNIFGAGILGSFINLPVVNYYMHSTYLTGNHAHSAMWGVKGNIALAGMLFCMQH
SNKKNHGHQNXYLLQFWSFNGGIALMMFLCLFQLVLFHMYVTMDQG 
 
*Different Ammonia sp. isolates are distinguished by adding unique isolation source 
names 



18S 14F1 - B 1200 AAGGGCACCACAAGAACGC TGATCCTTCTGCAGCTTCACCTAC
E2_a 100 TGACATCAAGGAGCGGTACG GATGCTGCCCACCGTAGTAA
E2_b 156 GGACCACATCGCCAAAGGAA GGCGTAGGTCGGTTGAACTT
E2_c 198 GGACCACATCGCCAAAGGA TCGTACCGCTCCTTGATGTC
E3_a 183 GCAGATTGGCGGCATGATAC ACCATATCGATCGCGGTCAC
E3_b 131 CGGGTGCAAAGAAGGAAACG GGAGTATGCAAAGTCGTCGC
E3_c 100 TTGTCGGGTGCAAAGAAGGA ATACGCAATCATCGCCACCT
E4_a 151 AATAGTGTGGATGGTGGCGG GAGTGCCATAATCGCGGAGA
E4_b 100 TGTCGCGGATCCTATGCTTG GACGTCCCCGACATTAACGA
E4_c 194 TGGATAGGTTTTGGTCGCGG CCATCAGCAACACTCACCGA
E1_a 105 TCAGTGGCGAATCCACCAAA ACAGGTGGCGGTTAAAAGCA
E1_b 102 AACGGCAAAGGAGTCACAGT TTCAATTTCGCCGGTTGTGC
E1_c 157 CGAGTTCGCATGAACACAGC GAGATCCATCCACTCGCACA
E1_d 197 ACACACCGGGTCACCTTAAC CCGCTCATTGCGTGGAAATC
E2_a 183 TGATGTTTAACGGTGCCCCA TGTTTTGCTGTGGCGATGTG
E2_b 161 ACACATCGCCACAGCAAAAC GTCGCAGGCTCGAATAAAGC
E2_c 110 GACTGCGTGTTTTGTCCGTG TCCGTCCGCAGACTACATTG
E3_a 198 CGCAGATGGCAGTGATGTTG ACGTACGTCAAAGCATCCGA
E3_b 109 GTAAAGTGAGTGGCGGTGGT TCACTGCCATCTGCGTTGAA
E3_c 168 GGAATGCGTCAGATGGAGGT ACCACCGCCACTCACTTTAC
E1_a 152 TTGGGGAAGTGGCGCATTAT GCCATCCCCTAAGAAGGAGC
E1_b 152 CAGGATTTGGAGACTGGCGT ATGTAACAGGCCGAGAAGCC
E1_c 198 ATCCAAATGCGCGAGAAAGC GGCATGAGCATGATTGCCAG
E1_d 182 TGGTTCTTTGTGGCTTGGGT TACGCCATTTCGCCCTGAAT

Table S3. PCR and RT-PCR primers for the rRNA gene 18S, Nor, Nir clade I and clade II. Related to Figure 1
and Figures 3–4.

Reverse primers (5’ to 3’)

 nirK 
clade I

 nirK 
clade II

nor 
clade I

Gene Name Fragment 
length Forward primers (5’ to 3’)
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�
MA---DVAPK EGEWIL5PAK TNWIATLSNK NYWAFYFLVI VAIC-VGGIG YFGEVAHYEV PPLCDFV-GP DGSVVISAKS INHGEEVFHL 5GLMAYGSFL
MSTDAKSYPL IQDFVPSGT5 NNWIATLSDK 5WWTFYFAII VAIC-VSGIG YFGGVAHYQN PPNCDFV-DQ NGKVVFPQSM IKHGEEIFHL 5GLMSYGSFL
M5----SSSS SGMG---KTN 5TFGQALLIK KYWWLHALIV TVIS-VIGLV ALGVWTYTSA PPLTNYVLSS TGETVIPEWQ IQ5GKQVFHL KGLMTYGSFW
MS------TN SLLGGSI5AK KNIALWLVSK KNWILQFLIV AAIC-TGGLL YLGAQTYISA PPIVNFV-ND KGDTVFSEQQ IMDGKHVWSI 5GLMAYGSFW
MH---KIKNK ETVTGKKGLK KNIDYWMDTK N-WWGPLVFI LIIS-LAGVG MIGFQTYNDA PPMTGF5-TQ DGALLISKTD IEKGQIVFHK YALMEYGSFF
---------- ---------- --M5ASPNGL SPWW5YSLAI TMICGLAVLI WLAV5TYQFA PPIPDKVIGP GGVTVMTAEE I5IGQEVFLK YGLMENGSVW
MG-------- ---------- -------QYK KLWYLLFAVL -AVC-FTILG YMGSEVYKKA PPYPEQVVSA SGKVLMTKDD ILAGQSAWQT TGGMEVGSIL
ME-------- ----VN5TVS PNIQTG5KTT NSFLKSILIF TILISSTVLL VGGYWIFKEM AP5PKEV5SE SGEVLMTKET IIGGQAVFQK YGLMDYGTVL

���
GDGSE5GPDY TAEALHELAI GMTKHYESKL KHK------T QHDVEALKP5 V5MEL5NNAY DLEKDVIVLN SAQISAWK5I KTYY55IFAG AD--------
GDGSEHGVDY TAEALHMMAL SMGDFYTAQL 5QNTS5E-LA EHDMEAVKA5 V5LEL5ANTY EEA5DVVVLN EAMVYAWKDL EKYHL5MHFE ----------
GDGGE5GPDF TAEALHHTYV SMSKFYENEI AKE5P---VT QAD5DMISV5 VK5EIHENGY DAAANII5IN PAQVFAYQEL ITHYT5MFTD AT--------
GDGAE5GPDF TADSLH5SVV AM5EFYAKEK KAELGVDALP VYETDAIAA5 VI5ELHNNAY DEEAGIV5LN PAQEYAFAEV 5EHY5KMFND AT--------
GDGAQ5GPDF TAEALHQITI HVNAYYQKQF EAQNG5S-AN DNEQKVIAEK VKQELKKNGY DSAEDIVVLN DAYVYALEKV 5DYYQNVFLN TS--------
GHGAYLGPDF SAEYLHALAV AAGP------ ---------- ---------- ---ALKQN5Y DPHTGILTFT EVETATFE5Q VA5WTAYFAE PM--------
GHGAYQAPDW TADWLH5ELS AWLDLTAQQA YGKKFDE-VS PEEQAVLKT5 LADEY5NQS5 IKEDGSVVIS DT5VKAIESI LPYYHGVYGD DP--KLQT--
GHGSYMGPDY TAEALKVYTE GMQDYKAKE5 YNKPFAD-LT DDEKSII5EQ VIKEM5KN5Y NPVTDVLVLT DAQVYGLEKV 5DYY5DVFTN GDGWGLKKGL

���
QGTSTL--TP NMFITNPTDI ADLAGFFFWG AWMSAAA5PG EDYSYTHNWP HEPLAGNIPT PAVILWSAIS VLILWFGLAA TLFIYGQLD- HENEDEEDI-
DGFGDL--LP NE5FAKK5DV SDMAAFFYWG GWISVAA5PG EDYSYTHNWP HDPLVGNLPT AATILWSTLS VGVLFVGLGI TLFIWGQ--- 5KDEIEADD-
YEEAFMKG5I ENHISSPEDL KALAGYFFWG GWVSGAN5PG FDYTYTHNWP PDPLVGNTPT FETYLWSFIS IFVLFCGTML VLYVYGE--- MKVLPGEPF-
YSEAF---HP QGLISDPEQI TSLTSFFFWG GWASAAN5PG ETYSYTHNWP HDPGAGNAPT PATWIWSFLS ILALFLCIVV VLYVYGQ--- M5ELPIDVFG
5ESSF---PL KNYITDKEEV LNLSNFFFWG AWVCVTE5PG ESFSYTHNWP YDAKAGNTPT SPVVLWSVLG LLAFVLVCGV VLYFIGQ--- YNQLSNKFF-
GSVGL----P AGYITDPKEL 5QLTAFFAWT AWASVAN5PD KPYSYTNNFP YEPLAGNTLT ADAILWSALS LITLLAGIAG VLVAFGK--- FDFLGWKG5-
T5EHFA--MK NNTLPSQEA5 EKLFDFFFWT SWSASTN5PG EVFTYTNNWP HEPLINNVPT TENYMWSFTS VVLLLMGIGL LMWGYSFLTK HEEVEVPSE-
IKESDMPKAN 5AWVADSDQI QQIADFFFWT AWLSSTL5IG DEITYTNNWP YYEDAGNTMS FSAVWWSGAS VTILILFIGI ILYVFY5--- YQLSMQEAY-

���
--KTKGQP-L TTQDLET--- GVV5ETQVDC YKFFVLSMLA FAIQVIAGVC CAIDFV5--P ---LGF---- --SACYILGY NVL5SYHATF QIFWFFVAWV
--GTTGKP-L TTQDLEL--- GVVHPTQLAC YKFFVLAMIA FAIQVLGGIA CSVDVV5--P ---GGL---- --TLCMWIPY TVL5SYHTTF QIYWFFVAWV
--NG5DWS-L TTVDLENKGD AYV5PTQ5AT YKFFAFAVIL FLVQVLAGIL SAEDFVGGGP GSAIATT--- --VLGFTIPF TVT5GWHTIV QIYWFFMAWV
TSTENPFA-L TTHDLEN--- GYV5PTQKAT YKFFALAMIL FGVQIFAGIA AAWDFVK--P ---FGI---- --SLNDFLPF TAS5SFHAII QIVWFFVCWV
--KPASKELL TA5SV5D--- FTPT5TQ5AS YKFFLVAIVL FFVQVSSGFV TINEFVD--Y LGFFGV---- --EFSESFPI TIS5SWHLML SLYWISTCWI
--SGHVHPMM LP-------- GVASDSQ5AT IKLFAMVALL FVVQVIVGAA VAHY5AE--P GKFYGL---- --DLAEVAPS HIM5TWHLQL AIFWIATAYV
--DPISKIQL T--------- ----PSQKAL GKYVFLTVAL FVVQVLLGGL TAHYTVE--G QGFYGIDEAL GFEMSDWFPY ALT5TWHIQS AIFWIATGFL
--AEGKFP-V I--DL55--- QPLTPSQVKA GKYFVVVSAL FFVQTMFGAL LAHYYTE--P DSFFGIN--- --WIYDILPF NIAKGYHLQL AIFWIATAWL

���
GTTIWFLP5F -Q55VPIGQK FLINLLFGGC CVVALGGAIG IPLGQTGYIQ GEMAYYFGSQ GWEFMELG5I FQDLLLCGFV LWILILF5GV YSYITWNTI-
GTTIFFLP5F -QKKPPAGQL FLINLLGVGC AIVAAGGLIG IPLGQGGYLE GDMAYYFGSQ GWEFMELG5A FQDILLGGFV LWIFILF5GV YSYITWDTI-
GYTLFFLP5I --SKVPNGQ5 FLINLLFTLC LIVGAGALFG IYLGHTGYMT DDMAYWFGSQ GWEFLELG5F WHILMLASFC LWVYIIF5AV KPWITSQNL-
GYTIFFLP5L --SKLPSSQ5 TMINSLFAMI VIVGLGTLIG VYLSTMGFLD GWVAYWFGTM GWEFMEMG5F FQLFLLVTFS FWIYIIY5GV KNWLT5KNI-
ASSIFILPIL -AK5EVEHQL PLINLLFVLL VVLVAGSLTG MVLGPMGFL- GDWWHALGHQ GWEFVDFGQA FQVLLMLIFV LWGIVVF5GI 5PAFVKGMP-
AGGLFLAAGL -GN5EV5GQV PGINLLCVAL VVVVVGSSLG EWLGVNQVF- GPLWFWFGHQ GWEYLDLG5A WQVLLVIGLV LWLILLV5AM APA--5DNPK
TAGLFLAPIV NGGKDPKFQ5 AGVNFLYIAL FIVVGGSYAG NFFALTHILP PEFNFWFGHQ GYEYLDLG5F WQLLLMVGLL LWLFLML5CT VSAFKEKGVD
GMGIFIAPLV -GGQEPKKQG LLVDLLFWAL VVLVGGSMIG QWLGVNGYL- GNEWFLLGHQ GWEYIELG5I WQIILVVGML LWLFIVF5GV K5GLK5ESDK

���
WSTPAWVF-Y GSLVMVWFLF FSLKVTPKTN FIVSDFW5WM VVHMWVEVTF EVFTTVIVAF LY5EMGLVSK KAAE5ATYIA VMLFFLTATI GVGHNFYWIA
WSTPAWLF-Y GSLVMVWFLF FSLKVTPDTD FVVSDFW5WM VVHMWVEVTF EVFTTVIVAY LY5EMGLVSK KGAE5ATYIA VMLFFLTATI GVGHNFYWIA
WSVPAWLF-Y GSGIMVLFLF FGMFMTPSQN FAIADYW5WM NIHMWVEVTF EVFTTCIVGY MLVQMGLVN5 AMAE5VIFLA VMMFLVTALI GISHNFYWIA
WSVPAWLL-Y GSGIMVLFLF FGVLILEDQN FAIADYW5WM VVHMWVEVTF EVFTTVIVGY LLVQMGLVT5 LMAE5TIFLA VMLFLITAVI GISHNFYWIA
WNLPNWIM-Y SIIGIPLLFI SGFVA5PETN FVIADFW5WM VVHMWVEAFF EVFITVIVSY LMVLMGLVS5 NAAI5VIYFA TILFLGTGLL GISHNFYWNA
Q5QIVWLFQY AALAIPLFYL PAMFFGSTTH LSVVDNW5FW IVHLWVEGFL ELFVTVMVAL IFFQLGVMSH ANVE5VIYLD AILYLGSGII GTGHHWYWTG
KNLLAIFV-A SMVGVGVFYA PGLFYGEKSP IAVMEYW5WW VVHLWVEGFF EVFATAAFAF VFYNMGFV55 STATASTLAA AAIFMLGGVP GTLHHLYFSG
GGLIHLLF-Y SAIAVPFFYI FAFFIQPDTN FTMADFW5WW IIHLWVEGIF EVFAVVVIGF LLVQL5LVTK KSTV5ALYFQ FTILLGSGVI GIGHHYYYNG

���
KPTGVIAMGS AFSTTQVMPL ILLTMDA--- WKFIQM5EKA ELEQAKGNQ- -KHIM5GVWL FMLGVNFWNV FGAGILGSFI NLPVVNYYMH STYLTGNHAH
KPTGVIALGS AFSTTQVMPL ILLTLDA--- WKYIQVSE5A ELE5KKGNQ- -KHVMKAAWL FLLGVNFWNV FGAGILGSFI NMPIVNYYMH ATYLTGNHAH
KPTGIIALGS VFSTMQVLPL LLITLDA--- WKM5TE5TKA HENIAEGKQ- -5FVMDGVWT FILAVNFWNI FGAGVFGSLI NLPIVNYYEH GTYLTGNHAH
KPTGIIALGS IFSTLQVLPM LLLTLDA--- WKM5QELG5A HDL5QQG5Q- -VHVMEGVWL FILGVNFWNI VGAGVLGSLI NLPIVNYYEH ATYLTPNHAH
KPVATMALGS IFSTLQFVPL ILLTVEA--- W5FKNMP5IA -LEGVKPSEL GDFGFPEVFS FLIAVNFWNF FGAGVLGIII NLPIMNYYEH GTYLTVNHAH
QTTITMALSA VFSAMEVVPL TLLTLDA--- WDFIKL-TQS ECDACELPV- -AVPHKWLFY FLMAVGFWNF VGAGVFGFLI NLPVVSFYEV GTILTSNHGH
STSASMAIGA CFSALEVVPL VLLG5EAYEH WSYQHLSDWA K5-------- ----L5WPLM CFVAVAFWNM IGAGVFGFLI NPPISLFYIQ GLNTSAVHAH
SPEVWIALGA VFSALEVIPL TLLILEA--- YEQYKM---- ---M5DGGA- -NFPYKATFW FLISTAIWNL VGAGVFGFLI NLPAVSYFEH GQFLTPAHGH

���
AAMWGVKGNI AIAGVLFCVQ HTVQEKYWS- -PKIVSVAFW SLNGGIAAQM FLSMFPAGLV HMYTAMAEGL WAA5THDMYN STIFQNLAKG 5AFGGHIFLW
GAMFGVKGNV ALAGVLFCAQ HLVKEEAWS- -PKLLSLSFW CMNGGIAAQM FLSLFPTGMY HMYINMMEGL YAA5KFEVTQ GYIFQTLAKG 5AVGGHIFLW
AAMFGVKGNI AIAGMLFACQ HLFQ5SAWN- -EKLIKGIFW SLQVGLVLMM MLDLFPVGLY QVATVFKEGL WAA5AQAHVT DSVWITLTWM 5TIGGAVFLF
AAMFGVKGNI AIAGMLFCLQ HMFHKSAWS- -ET5IKGIFW SLQIGLVLMM VLDMFPVGLY QVWLTLQDGL WHA5SSEVIL GPVFASFTYL 5VIGIAVFVL
AALMGVYGNI SLAAMLFATK LLFKTKKWN- -KKLVKVSFW SINIGLMLMV LLDLLPAGTI QFKAVVDNGL WFA5SEEFIG GGVFQSLTWL 5GIGACLFLF
TAMMGVFGML ALALMVLAF5 QVLDD5QWQH VEKYV5VSFW GLNIGLALMV ILSLFPGGVL QLWDVLTNGY WHA5GPEFMD QPFV5LLEWL 5LPGDAVFIT
AALFGVYGFL ALGFVLLVA5 YLKPNA5FD- -DKLMTWGFW LLNGGLVGMI AISLLPVGVI QAYASITHGL WYA5SEEFLQ MEILDTL5WV 5TAPDLIFIG
AAMMGVYGMF AIAVLLYSL5 NIVKPEAWN- -DKWLKFSCW MLNIGLAGMV VITLLPVGIL QMKEAFIHGY WAS5SPSFLQ QDVVQNLLLV 5AVPDTIFLI

���
GGLLPLVYFV VS5YFYLKPV TPNI-DKN-- ---5---KYD SFWLDAAHTA PYSTK----- --KLV
GGLLPLVYFI LS5AAYLKDA TKNA-PGK-- ---5----YQ SFWLDSAHTA GYKVK----- ---VY
GGVLPLVYFI LS5AG5MV5E ASVVEEGEWT IYD5EKAKE5 EAWAAGDE-- ---------- ---AF
GGALPLIWFV LS5G5TLQQE TEVA-EGEWT AY-----EDD EPWVAVKK-- ---------- -----
GGVIPLMLFI VS5AGSLK5S QSS------- --------DK SLIQIA5H-- ---------- --DTI
FGAVPMALAA LLTW5FIHAN G55------- ---------- ---------- ---------- ---QS
-GAICVAIQA TKIVFG5DK- ---------- ---------- ---------- ---------- -----
-GVVALLVFA IKALFHL5KP THG------- --------EG EELPVANHWM KD5LKNSLEH HHHHH

Cytochrome c oxidase domain (pfam00115)

Conserved NorZ
residues of catalytic site
Conserved Nod residues
of catalytic site

Nor�I
Nor II

¶Ca. 0. R[\IHUD¶ (&BE69496)
ќ-SURWHREDFWHULXP +GN1 (:P_013260353)

0� ruestringensis (:P_014034207)
¶Ca� 0. R[\IHUD¶ (&BE68939)

N� gonorrhoeae (:P_003691589)
*� stearothermophilus (3A<)_A)

C

B

A �
MGIAT----- ---------- ---------- ---------- ---------- ---------- ---------- ----------
MGDST----- ---------- --GEPG---- ---------- ----SSMHGV T-G5EQSFAF SVQSPIVHT- --------DK
MDFAKLL--- ---------- ---------- ---------- ---------- ---------- -VASPEVN-- ----------
EDIKNQIQT5 IDEIQANLEV 5ESDPNFQKA KELFDKGC5L TNWDADINGI CPEKTKKLDF ECQEPEIGSF PQKYLPGPFK
MSHSS----- ---------- ---------- ---------- ---------- ---------- ---APE5--- ---------A
MIN5QHI--- ---------- ---------- ---------- ---------- ---------- ---------- ----------

��
--------DF NGKATKFSLC AC5SDHIQAF WTTTISMFLC YVVWFTNLNL LTW-IQQ--- ---------- -----DIQLT
TAKFDLPVDT EHKATVFKLF SFAKPHM5TF HLSWISFSTC FVSTFAAAPL VPI-I5E--- ---------- -----NLNLT
--------PN N5KALTIPVL NPFNTYG5VF FFSWFGFMLA FLSWYAFPPL LTVTI5D--- ---------- -----DLDMS
YGIHLSYWNV DESATKFWNL YGKSIANKNL FISIGNLFLG FAVWLIWSVV TVFLIES5DA TNGEYYSFSA WKSDMDEHEY
TGAVITDW5P EDPA--FWQQ 5GQ5IAS5NL WISVPCLLLA FCVWMLFSAV AVNLPKV--- ---------- -----GFNFT
---------- ---------- --------QL SLQSLSLVAG FMVWVLISSL ISQ-ITL--- ---------- -----DIHLS

���
STHIAITKSV LTISNIVS5V IIGDLCDKIG P5YAYLLILI VSFIPVCFLS FI-----SSS FGFILCNLFI GIIGSSFAIT
KQDIGNAGVA SVSGSIFS5L VMGAVCDLLG P5YGCAFLVM LSAPTVFSMS FV-----SDA AGFITV5FMI GFCLATFVSC
QTQIANSNII ALLATLLV5L ICGPLCD5FG P5LVFIGLLL VGSIPTAMAG LV-----TSP QGLIAL5FFI GILGGTFVPC
MHTLWLLPAA AGLSGATC5L TNSFMIAPAG G5NVISQTSI LLLIPMVMLV LALNDINVSL EYLIVIALLS GAGGGACSSS
TDQLFMLTAL PSVSGALL5V PYSFMVPIFG G55WTAFSTG ILIIPCVWLG FAVQDTSTPY SVFIIISLLC GFAGANFASS
KGEISLVTAI PVILGSLL5I PLGYLTN5FG A5LMFMVSFI LLLFPVFWIS IA-----DSL FDLIAGGFFL GIGGAVFSIG

���
EYHTTAFFVD 5LIGLAQGTA AGWGNFGAGC AALVMPLLAS Y--------- ---------- GVSW5HLTLS SG--LMLLLP
QYWMSTMFNS QIIGLVNGTA AGWGNMGGGI TQLLMPIVYE I--------- -I55CGSTA- FTAW5IAFFV PGW-LHIIMG
QVWCTGFFDK SIVGTANSLA AGLGNAGGGI TYFVMPAIFD S--------- LI5DQGLPA- HKAW5VAYIV PFI-LIVAAA
MSNISFFYPK SKQGLALGLN AGIGNLGVSA MQLLIPIIVS F---PVFGAL SIKIPENVG- YVSNSALFWI PF--LIIFI-
MANISFFFPK QKQGGALGLN GGLGNMGVSV MQLVAPLVVS LSIFAVFGSQ GVKQPDGTEL YLANASWIWV PF--LAIFT-
VTSLPKYYPK EKHGVVNGI- YGAGNIGTAV TTFAAPVIAQ A--------- ---------- -VGWKSTVQM YLILLAVFAL

���
MLLYY5VQDS PKG5LQTKQI -------TVA KLL------- ---------- ------NFTN LYSVIQDY5- ----------
ILVLNLGQDL P--------- ---------- DG-------- ---------- ------N5AT LEKAGEVAK- DKFGKILWYA
LGMLFTCDDT PTGKWSE5HI WMKEDTQTAS KG-------- ---------- ------NIVD LSSGAQSS5P SGPPSIIAYA
ILAWFGMNSL P--------- -QHPDAKNTS 5ALMAYYYLQ FLGYMGAGIA VSILIFT5DF ITQTGHGLH- IIQAFILWFV
IAAWFGMNDL A--------- --------TS KA-------- ---------- ---------- ---------- ----------
LHVLFGD5HE K--------- --------KV KV-------- ---------- ---------- ---------- ----------

���
---------- ---------- ---------- ---------- ---------- --TWILFIVY AHCFGVELTI NIHAAQYYVH
VTNY5----- ---------- ---------- ---------- ---------- --TWIFVLLY GYSMGVELST DNVIAEYFFD
IPDVEKKGTE TPL-----EP QSQAIGQFDA F5ANAVASPS 5KEAFNVIFS LATMAVAVPY ACSFGSELAI NSILGDYYDK
SVLITVFGMK YLLFCGFFKS VSNNIGQ--- ----TLAVCS MKH------- --TWIITNLY TMTFGSFIGF AASFGLLMKD
---------- ---------- ---SIKE--- ----QLPVLK 5GH------- --LWIMSLLY LATFGSFIGF SAGFAMLSKT
---------- ---------- ---SVKT--- ----QIKAVY 5NHV------ --LWFLSLFY FITFGAFVAF TIYLPNFLVE

���
QF-DSSPLSA GI5VFSFS-S LNLFA5SVGG YGTDMLY5KY GIQ-G5VYTL FLVLLSE-SI FLMIFAFASF NFDFSML-IM
5F-HLKLHTA GLIAACFG-M ANFFA5PAGG YASDFAAKYF GM5-G5LWTL WIIQTAG-GL FCVWLG5AN- ----TLVTAV
NFPYMGQTQT GKWAAMFG-F LNIVC5PAGG FLADFLY5KT NTPWAKKLLL SFLGVVM-GA FMIAMGFSDP KSEATMFGLT
LFPSVDP--- -LHYAWLGPF VASIA5PFGG WLSD---KFG GA5-VTHYDV VIMIVSTIGV GITLIFAKDN EGLFPVF-LV
QFPDVQI--- -LQYAFFGPF IGALA5SAGG ALSD---5LG GT5-VTLVNF ILMAIFS-GL LFLTLPTDGQ GGSFMAF-FA
HF-GLNPADA GL5TAGFI-A VSTLL5PAGG FLAD---KMS PL5-ILMFVF AGLTLSG--- --IILSFSPT IGLYTFGSLT

���
MLFSFF-VQC --AEGITYAI VPFVAPD--- ---------- ---------K IGAMYGVVAA GGTFGSFLYS MTVFWFAGN5
VAMVLFSMGA QAACGATFAI VPFVS55--- ---------- ---------A LGIISGLTGA GGNFGSGLTQ LLFFSTSHF-
AGLAFF-LES --CNGAIFSL VPHVHPY--- ---------- ---------A NGIVSGMVGG FGNLGGIIFA -IIF5YSHH-
LFLILF-ITT GIGNGSTF5M VPCIFSN--- ---------- -------KEH AGPILGWASA IAAYGAFVIP IIFSECMEI-
VFLALF-LTA GLGSGSTFQM ISVIF5KLTM D5VKAEGGSD E5AM5EAATD TAAALGFISA IGAIGGFFIP KAFGSSLALT
VA-----VCS GIGNGTVFKL VPFYFSK--- ---------- ---------Q AGIANGIVSA MGGLGGFFPP LILASVFQAT

���
LKYHFSFVIL SVCVAATSFL TLYIKFTAKE V5----AADE LLKNFLKQHN INAAAQTIES NDGIVMVLNG EFEFASDIQL
-TTEQGLTWM GVMIVACTLP VTLVHFPQWG SMFLPPSTDP VKGTEAHYYG SEWNEQEKQK N-----MHQG SL5FAENAKS
-DYA5GIWIL GVISMAVFIS VSWV5PVPKS QM5E------ ---------- ---------- ---------- ----------
-GISEYAFFA FALYYLLCLC MNYYYYF5KG AE-------- ---------- ---------- ---------- ----------
-GSPVGAMKV FLIFYIACVV ITWAVYG5HS KK-------- ---------- ---------- ---------- ----------
GQYAIGFMAL SEVALASFVL VIWMYWQE5M KT-------- ---------- ---------- ---------- ----------

���
EA-----TAA TAPSHPQQNV VGTEKLLLEK STSLPAFSSA N5KLKLLQSM SLPS5SSNKF TLNNINELSV PL5TSQEL
EGG55V5SAA TPPENTPNNV ---------- ---------- ---------- ---------- ---------- --------
---------- ---------- ---------- ---------- ---------- ---------- ---------- --------
---------- ---------- ---------- ---------- ---------- ---------- ---------- -----KPC
---------- ---------- ---------- ---------- ---------- ---------- ---------- --------
---------- ----HTE5NS ---------- ---------- -------QSI N--------- ---------- --------

NarK superfamily (cl27296)

A� nidulans (P22152)
A� thaliana (O82811)

Nrt�II

Nrt�II: GloG15_CONTIG110211:243-1504,1578-2146(-)

Nrt I

Nrt I: GloG15_CONTIG80510:375-855,926-2061(+)

%� subtilis (P46907)
(� coli (P10903)

�
MAT------- SAD5VAYNTF EQESAQIIQQ KDMINI---- ----KNVK5L IYVLLLIIVI LLV---FVIV VTVNIYNNNA DM5KKGDSIP
MSSVAEFT5I KSQ5SADSVE EFQNVEIIEE NAVANPPKET KDDNKHLKII IYMLLVIIVL LLTATCVLIA YVV5TYNNNY TNKSISPSNP
MSTIPTAT5- ---------- ---------- ---------- -------55V LEAL------ ---------- ---------- ----------
MES------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
MTEQLQMT5- ---------- ---------- ---------- -------5TM L--------- ---------- ---------- ----------
MAEQMQIS5- ---------- ---------- ---------- -------5TI L--------- ---------- ---------- ----------

��
---------- -------VHQ VSGLDHYLKA HCVLHEDTLD GEGMD5NGVG VTVI5NPIEI SQPINIAYDP LTNNVTGEIE YFSTLDPAGN
LNITNMTNIT NMSNIVDVAL ISGLDNYLKA HCVLHLDPSE GEEMDLNGKG VTVI5NPIDI PAPININYSP LLNSTTGEIE YFSN5DSAGN
---------- ---------- ---------- ---------- -------GVG ---------T AALAGCASAP ---------- --------G-
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ---------- ---------A GAALAGAVAP LLHTAQ---- ----------
---------- ---------- ---------- ---------- ---------- ---------A GAALAGALAP VLATTS---- ----------

���
LVA5PKCQTD FDTSTYTMKN NAYAFDVNTC EFPLPAWMDE ADIINLP55H SPVTHLITLT SVEVVAELE- EGHTFEFFTY NATVPGPPL5
AVPKPKCQTD FETSTYTMKD HGYVFDIDTC EFPLPSWMNE TAILGLP55H KAITH5VTLT TVEVVAEIE- EGHTFEFFTY NATVPGPPL5
--AKEQATEA ETTPQEPAMN AAQQTDVD5I ------AADP TAIPDPID5S EPKTVSVEMT TKEQVAEIE- PGVTYTYMTF GDQIPGPMI5
-----KNKTA ATQQSEPNVI AAHK------ ------GVNQ APVPLKME5V GPHDVHIEMT AQITDIEID- KGKIYKAWTF NGQAPGPLVV
--AHAAGAAA AAGAAPVDIS TLP5VKVDLV KPPFVHAHDQ VA------KT GP5VVEFTMT IEEKKLVID5 EGTEIHAMTF NGSVPGPLMV
--AWGQGAV5 KATAA--EIA ALP5QKVELV DPPFVHAHSQ VA------EG GPKVVEFTMV IEEKKIVIDD AGTEVHAMAF NGTVPGPLMV

���

V55GDTVELT ITNEEGNSMP HNIDLHAV5G PGGGAEASMV TPGQTKTF5F KATYPGAFIY HCAV-PNLDM HISSGMFGMI LVEPKEGLP-
VNEGDTIHFT LKNMDP-VVP HSMDFHAVHA -SPSKDFIDV MPNKSGTFTY PANKPGVFMY HCGT-KPVLQ HIANGMHGVI IVKPKNGYPT
VHENDYVEL5 LINPDTNTLL HNIDFHAATG ALGGGALTQV NPGEETTL5F KATKPGVFVY HCAPEGMVPW HVTSGMNGAI MVLP5DGLKD
VHQDDYLELT LINPETNTLM HNIDFHAATG ALGGGGLTEI NPGEKTIL5F KATKPGVFVY HCAPPGMVPW HVVSGMNGAI MVLP5EGLHD

���
------YSDM DVYIGQGEIY LHYPLVNNV- --GTKFN5PT PNLHNTFDDI KE5YEMSDVV MMNGAPFALL ---HNPIITT VGSIV5AFIV
------YSDM DVYLGQGELY LHYPLVNNI- --GTKFA5PA PNLHNTFDPI KE5YEMSDVV MFNGAPFALV ---HNPIVTT VGSVV5VFIV
------EVDH EFYFGQHELY ----TTGDT- --GEK----- --GHHDFDME AMAAEEPTYV LMNGEKYAIT PD5HGSPSMQ VGETA5VYFV
DK----EVD5 EYVLIQNEWY ----KYNDM- ---NDFQNGV P-SYVVFSSK ALKPGDPN-- -TNGDTFTLK ---EKPLLAK VGEKI5LYIN
EKGQPLTYDK IYYVGEQDFY ----VPKDEA GNYKKYETPG E-AYED-AVK AM5TLTPTHI VFNGAVGALT G--DHALTAA VGE--5VLVV
GKGKALTYDK IYYVGEQDFY ----VP5DEN GKYKKYEAPG D-AYED-TVK VM5TLTPTHV VFNGAVGALT G--DKAMTAA VGE--KVLIV

���

AAG_GT���AG_GAA

CAG_GT���AG_GCG

AGGPNHLSSF HMIGDHFD5V WLHGDVNTSP QQNIQTTTVP PGGCAIADW5 HDNPGTYIFV DHALT5TFV5 GNLGFI5ACD KGDVACIKWT
TGGPNLDSSF HPIGSVWDEV WQQGSIAGPP N5YVQTTPVK PGSCAIATLH AEVPGPIKLV DHALS5VA5K ATMAIIN5E- ----------
NVGPNEVSSF HVVGTVFDDV YLDGNPNNH- LQGMQTVMLP ASGGAVVEFT VT5PGTYPIV THQFNHA-QK GAVAMLKVT- ----------
HSQAN5DT5P HLIGGHGDYV WATGKF5NPP DLDQETWLIP GGTAGAAFYT F5QPGVYAYV NHNLIEAFEL GAAGHFKVT- ----------
HSQAN5DT5P HLIGGHGDYV WATGKFNTPP DVDQETWFIP GGAAGAAFYT FQQPGIYAYV NHNLIEAFEL GAAAHFKVT- ----------

���
KKETYAGLYG CD5D5YGTNE TYL--GGDDC VFCPW55DDF AYSTVYEDTD DIYSYLDAAC NI-TD5V--- -TVWQGAESI HNDTVSEL5N
SAASVGNKYN CNPN5YNLSQ VAILEGNDDC VFCPWS5HDF HIGSMYDETD AIYSYLNQQC SL5TDGFDAN NTVWQGDES5 YNDTVSNSIN
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------

���

---------- ---------- ---------- ----GAANPD VFEPEA---- ---------- ---------- ---------- ----------
---------- ---------- ---------- ----ETGEDD GTETSG---- ---------- ---------- ---------- ----------
---------- ---------- ---------- ----GEWNDD LMTSVV---- ---------- ---------- ---------- ----------
---------- ---------- ---------- ----GEWNDD LMTSVL---- ---------- ---------- ---------- ----------

���
GGDGISTMMD SHIHTVLFSE DLNEVEFVAH FL5DYGTPQL DDSDEKFPVS GASVSVAD-- GEISFSFNVL AGQWI--EHG FQSYVPMVVA
GGDGISVMTD SHVQTVIFNA DGSDVEYVEQ YN5DYGTPSL DTSGFKFPVS SQTLEFDEYG E5VSFTFNIL TGDWIIPSSD ALTYVPMIVG
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ------KPAS M--------- ---------- ---------- ----------
---------- ---------- ---------- ---------- ------APSG T--------- ---------- ---------- ----------

���
IGQL5DGNVE TADMIKHFSK DILYLDLTAT SCLLGGVKV-
IGEIGE-5LG TEQMIKHFSK AILDFSLEAN KCVLGGTKFE
---------- ---------- ---------- ----------
---------- ------H--- ---------- ----------
---------- ---------- ---------- ----------
---------- ---------- ---------- ----------

1 2 1 1 12

2

Cupredoxin domain II (cd04208)

Cupredoxin domain I (cd11020)

NirK I
NirK II

H� marismortui (&AB93142)
*� thermodenitrificans (4<6A_A)

A� cycloclastes (P25006)
A� faecalis (P38501)

 Conserved copper ligand binding sites (Site 1 or 2)

CAG_GT���AG_GTG

V5VGDWIDLI LINPNTSSHE HSVDFHAMSG PGGGAVSL5V LPGQQA5TVW QAIIPGMFIY HCAS-GWISD HISKGMYGAI IVEPKNGFP-

AGGPNHLSSF HLIGDHFD5V WLHGDFASSP QQNIQTTTVP PGGCAVADW5 HDTPGAFTLV DHALT5AFV5 GNLGII5ACL PSDVGCLSGA

QW5KN5YPGE KQWTLSE5L5 VADPMLGNQ5 GGP-GGEDDG DFDASPCIVN VGDVSVISIE YSMEKSGKGE ITISTLYNSV DGGGWIGFG5
EW5KN5FPGE QQWSLSDNL5 NADAMKGNA5 NASDGGSSDV VFDDSTCMVI VGEEGLISIV YKIDQKGQGE MAITTL5SKV SGGGWISFG5

�CAG_���AG_GTG�
V5EGDWIDLT FINPNTSLHE HSVDFHSMTG LDGGAASL5I NPGE5A5TVW QAIIPGMFIY HCAS-GWASD HIAKGMYGAI IVEPYNGLP-

NirK I� GloT15_NODE_12185:141-2504(-)
NirK II: GloT15_NODE_4197:1119-3623(+)

Nor�I: GloG15_CONTIG49717:890-3289(+)

Nor II: GloT15_NODE_10819:151-2556(+)

'ata�6�



0.6

*OR*15_&ON7,*98795:777-2198(+)

PRQWLEDFWHU VS. (:P_007659926)

*OR715_NODE_10044:261-2648(-)

*OR715_NODE_338228:3-317(+)

AOFDOLJHQHV IDHFDOLV (P38501)

NHLVVHULD JRQRUUKRHDH (AAB23836)

BUDG\UKL]RELXP VS. (:P_063621726)

AOORJURPLLG HQGRELRQW (AEU12655)

5DOVWRQLD VRODQDFHDUXP (&AD18654)

5KRGREDFWHU VSKDHURLGHV (453239)

AOFDOLJHQHV VS. 67&1 (BAB21510)

AVSHUJLOOXV WHUUHXV (XP_001209749)

6LQRUKL]RELXP PHOLORWL (AA.65339)

)XVDULXP R[\VSRUXP (ABU88100)

*OR*15_&ON7,*1509495:1-429(+)

*OR*15_&ON7,*158586:32-419�491-1030�1087-1649(+)�

*OR*15_&ON7,*57448:395-1029�1212-2054�2237-2978(-)�

*OR*15_&ON7,*1584:16080-17483(-)

*HREDFLOOXV WKHUPRGHQLWULILFDQV (4<6A_A)

7KDODVVRVSLUD VS. (:P_073956792)

*OR*15_&ON7,*57448:1174-2052(-)�
AFDQWKDPRHED FDVWHOODQLL (ABD46578)

OSLWXWDFHDH EDFWHULXP (:P_069963550)

EXU\DUFKDHRWD DUFKDHRQ (O*647437)

*OR714_NODE_27507:2-721(+)

*OR*15_&ON7,*16670:1-1107(-)

+DORDUFXOD PDULVPRUWXL (&AB93142)

PVHXGRPRQDV WDHDQHQVLV (:P_025163318)

+DORIHUD[ GHQLWULILFDQV (&AD89521)

AFKURPREDFWHU F\FORFODVWHV (P25006)

*OR*15_&ON7,*728244:2-667(-)

PVHXGRPRQDV VWXW]HUL (:P_046619364)

BUDG\UKL]RELXP GLD]RHIILFLHQ (NP_773729)

NLWURVSLUD GHIOXYLL (:P_013250737)

PVHXGRPRQDV FKORURUDSKLV (&AA79939)

*OR*15_&ON7,*1464911:2-439(-)

NLWURVSLQD VS. (:P_048493390)

0HWK\ORWKHUPDFHDH EDFWHULD (.X-41779)

&KODP\GRPRQDV UHLQKDUGWLL (EDO97057)

AFKURPREDFWHU [\ORVR[LGDQV (AA&05831)

NDHJOHULD JUXEHUL (XP_002674759)

AVSHUJLOOXV RU\]DH (BAE60390)

6KHZDQHOOD ORLKLFD (:P_011867131)

+\SKRPLFURELXP GHQLWULILFDQV (BA&00912)

*OR*15_&ON7,*52107:1852-3027(+)

5XHJHULD PRELOLV (:P_005620794)

UQFXOWXUHG EDFWHULXP (AB,20099)

*OR715_NODE_12185:141-2504(-)

5KRGRWKHUPXV SURIXQGL (:P_072713876)

*OR*15_&ON7,*1014:34099-35244(+)

*OR*15_&ON7,*820933:3-620(-)

+LVWRSODVPD FDSVXODWXP (XP_001543228)

AVSHUJLOOXV IXPLJDWXV (XP_754129)

AUGHQWLFDWHQD PDULWLPD (:P_054492073)

6KHZDQHOOD GHQLWULILFDQV (:P_011497898)

UQFXOWXUHG EDFWHULXP (ABA54053)

BGHOORYLEULR EDFWHULRYRUXV (&AE80401)
PVHXGRDOWHURPRQDV KDORSODQNWLV (:P_011328157)

*OR*15_&ON7,*57448:2223-3176(-)�

&KORURIOH[L EDFWHULXP (.X.16481)

PDUFXEDFWHULD JURXS (..547144)

5KL]RELXP VXOODH (460214)

5KRGRSVHXGRPRQDV SDOXVWULV (&AE29586)

*OR715_NODE_10368:72-2543(+)

)ODYREDFWHULDFHDH EDFWHULXP (:P_071671477)

5KRGRWKHUPXV PDULQXV (:P_014067172)

&KDHWRPLXP JORERVXP (XP_001227922)

5RVHRYDULXV WROHUDQV (:P_050662738)

AVSHUJLOOXV ILVFKHUL (XP_001262952)

7HQDFLEDFXOXP PHVRSKLOXP (:P_047788910)

*OR715_NODE_202652:3-470(-)

*OR*15_&ON7,*572741:300-770(-)

*OR*15_&ON7,*707601:133-678(-)

BUXFHOOD VXLV (AAN33462)

DPPRQLD-R[LGL]LQJ DUFKDHRQ (A)618259)

BDFLOOXV PHVRQDH (:P_066387624)

*OR*15_&ON7,*18903:3362-4765(-)

NLWURVSLQDH EDFWHULXP (O*:17167)

&KURPREDFWHULXP YLRODFHXP (AA459679)

BUDG\UKL]RELXP VS. (:P_012046649)

9HUPDPRHED YHUPLIRUPLV (ABD46561)

BUDG\UKL]RELXP VS. (:P_009028608)

*OR715_NODE_4197:1119-3623(+)

*OR*15_&ON7,*995833:1-552(+)

BXOLPLQHOOD WHQXDWD HQGRELRQW (A)076973)

AJUREDFWHULXP IDEUXP (AA.89058)

*OR*15_&ON7,*768381:2-397(-)
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&ROZHOOLD SV\FKUHU\WKUDHD (:P_011041451)

AUFREDFWHU  (:P_026806152)

*OR715_NODE_131342:3-698(+)

*OR715_NODE_10819:151-2556(+)

*OR*15_&ON7,*258179:2-1003(-)

*OR714_NODE_686:221-2383(-)

&D. 0HWK\ORPLUDELOLV R[\IHUD (&BE68939)

6\QHFKRF\VWLV VS. P&& 6803 (BAA18795)

*OR*15_&ON7,*406717:2-952(+)

*OR*15_&ON7,*95325:2-1177(+)

6SLURFKDHWD VS. (:P_037560822)

0DJQHWRYLEULR EODNHPRUHL (:P_069956330)

*OR715_NODE_108271:1-828(+)

*OR*15_&ON7,*5881:9550-10968(-)

*OR*15_&ON7,*122719:3-2009(+)

6WDSK\ORFRFFXV DXUHXV (E*/94648)

OFHDQLFROD VS. (:P_024812023)

PVHXGRPRQDV VWXW]HUL (:P_014819181)

*OR715_NODE_35492:140-1669(-)

*OR*15_&ON7,*40252:2438-3826(-)

*OR*15_&ON7,*111898:867-2126(+)

*OR*15_&ON7,*194312:89-1513(+)

*OR*15_&ON7,*536214:3-803(-)

0DJQHWRVSLULOOXP JU\SKLVZDOGHQVH (:P_024079950)

*OR*15_&ON7,*673952:3-698(+)

AFLGREDFWHULD EDFWHULXP (O)998586)

*OR714_NODE_5490:1-1419(+)

*HREDFLOOXV VWHDURWKHUPRSKLOXV (3A<)_A)

*OR*15_&ON7,*245553:1-1287(+)

*OR715_NODE_60273:141-1268(-)

*OR*15_&ON7,*178708:3-1469(-)

*OR715_NODE_90613:3-959(-)

*OR714_NODE_2865:1-1461(+)

JDPPD SURWHREDFWHULXP +GN1 (:P_013262110)

&D. 0HWK\ORPLUDELOLV R[\IHUD (&BE69502)

6XOIXULPRQDV VS. (:P_021287396)

*OR*15_&ON7,*357133:146-892(-)

*OR*15_&ON7,*759705:2-649(-)

PVHXGRUXHJHULD VS. (:P_068116800)

*OR*15_&ON7,*171033:1-924(+)

PVHXGRPRQDV DHUXJLQRVD (NP_252822)

JDPPD SURWHREDFWHULXP +GN1 (:P_013260353)

&HFHPELD ORQDUHQVLV (:P_009184420)

*OR714_NODE_28562:3-704(+)

AUFREDFWHU EXW]OHUL (:P_014468878)

*OR*15_&ON7,*160964:170-1093(+)

*OR*15_&ON7,*129983:121-1485(+)

*OR*15_&ON7,*1042:33718-35106(-)

5XHJHULD SRPHUR\L (:P_011241995)

/DEUHQ]LD DOED (:P_055391779)

*OR*15_&ON7,*626363:61-729(-)

*OR715_NODE_113330:3-707(+)

JDPPD SURWHREDFWHULXP +GN1 (:P_013263677)

*OR715_NODE_88935:1-975(+)

9RJHVHOOD VS. (:P_047967241)

NHLVVHULD JRQRUUKRHDH (:P_003691589)

*OR*15_&ON7,*343032:1-1059(-)

*OR*15_&ON7,*17791:5317-6480(-)

*OR715_NODE_150223:2-616(-)

*OR*15_&ON7,*373215:2-1003(-)

6KHZDQHOOD VHGLPLQLV (:P_012144156)

*OR715_NODE_130728:3-701(+)

PDUDFRFFXV GHQLWULILFDQV (AA&44516)

*OR*15_&ON7,*24844:1850-3220(+)

*OR*15_&ON7,*394623:21-971(-)

&DQGLGDWXV .RULEDFWHU (:P_011521171)

OOHLVSLUD DQWDUFWLFD (:P_046009276)

*OR*15_&ON7,*114677:3-1148(-)

*OR*15_&ON7,*93069:394-2376(-)

*OR*15_&ON7,*189991:1-1173(+)

*OR715_NODE_97550:2-904(+)

&HFHPELD ORQDUHQVLV (:P_009184414)

PRQWLEDFWHU DNHVXHQVLV (:P_068836329)

*OR715_NODE_29606:46-1806(+)

APSKULWHD MDSRQLFD (:P_019623155)

*OR*15_&ON7,*66041:1702-2919(+)

*OR*15_&ON7,*51:115717-117105(+)

*OR*15_&ON7,*730873:1-663(+)

*OR*15_&ON7,*124168:395-798�876-1995(+)

6XOIXULFXUYXP NXMLHQVH (:P_013449860)

*OR715_NODE_66643:3-1193(-)

*OR*15_&ON7,*230562:1-1359(+)

6XOIXURYXP VS. (.,004424)

+DORFRFFXV VDFFKDURO\WLFXV (:P_006076898)

*OR715_NODE_75937:1-1095(-)

0DJQHWRYLEULR EODNHPRUHL (:P_069959535)

*OR*15_&ON7,*8086:7492-8844(-)

*OR*15_&ON7,*506976:1-801(+)

*OR*15_&ON7,*131270:2-1906(+)

OPQLWURSKLFD EDFWHULXP (.X.33524)

*OR*15_&ON7,*15312:4224-5603(+)

5XHJHULD DWODQWLFD (:P_058274912)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071625070)

*OR714_NODE_17295:1-792(+)

*OR715_NODE_56612:136-1317(-)

*OR715_NODE_61050:3-1259(+)

,JQDYLEDFWHULD EDFWHULXP (O*U27800)

PODQFWRP\FHWHV EDFWHULXP (O+&01281)

*OR715_NODE_37625:2-1552(-)

*OR*15_&ON7,*622857:113-730(-)

&D. 0HWK\ORPLUDELOLV R[\IHUD (&BE69496)

*OR715_NODE_103744:91-858(-)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071626359)

*OR*15_&ON7,*231475:2-1090(+)�

*OR715_NODE_134353:3-683(-)

*OR*15_&ON7,*13067:1652-3043(-)

*OR*15_&ON7,*460728:2-880(-)

*OR*15_&ON7,*11725:3275-4693(+)

PKRWREDFWHULXP SURIXQGXP (:P_006229965)

*OR715_NODE_107210:2-835(-)

AOLLURVHRYDULXV VHGLPLQLOLWRULV (6E:38035)

*OR*15_&ON7,*24333:1-1416(+)

*OR*15_&ON7,*17003:4513-6663(-)

*OR714_NODE_34255:3-626(+)

*OR*15_&ON7,*26565:1-1026(+)

NLWUDWLIUDFWRU VDOVXJLQLV (:P_013554499)

PVHXGRPRQDV DHUXJLQRVD (NP_249215)

*OR*15_&ON7,*54336:3-2213(-)

*OR*15_&ON7,*16186:3460-4878(-)

DHVXOIDWLWDOHD WHSLGLSKLOD (:P_054032331)

*OR714_NODE_18053:3-899(+)

+DORIHUD[ HORQJDQV (:P_008324936)

*OR715_NODE_132986:3-689(-)

*OR*15_&ON7,*60959:3-1271(-)

6XOIXULPRQDV DXWRWURSKLFD (:P_013326220)

*OR*15_&ON7,*15681:4747-6135(-)

*OR715_NODE_60978:1-1260(+)

*OR*15_&ON7,*3420:9003-10367(-)

AOLLURVHRYDULXV FUDVVRVWUHDH (:P_055187218)

AOWHURPRQDGDFHDH EDFWHULXP (:P_045859490)

*OR715_NODE_67636:2-1183(-)

*OR*15_&ON7,*271678:565-1224(-)

AQDHURP\[REDFWHU VS. (:P_012098660)

*OR*15_&ON7,*708003:3-677(-)

*OR*15_&ON7,*84200:1-1563(-)

PVHXGRPRQDV VWXW]HUL (:P_023446634)

PDUDFRFFXV GHQLWULILFDQV (BAA32546)

*OR715_NODE_109954:3-764(+)

*OR715_NODE_121431:3-749(+)

*OR*15_&ON7,*69100:1-771(-)

*OR*15_&ON7,*790168:1-633(+)

*OR*15_&ON7,*1121118:3-515(-)

6KHZDQHOOD GHQLWULILFDQV (:P_011496419)

7KDODVVRWDOHD VS. (:P_033079223)

*OR*15_&ON7,*49717:890-3289(+)�

*OR*15_&ON7,*226732:546-1373(-)

*OR715_NODE_113506:3-794(-)

*OR*15_&ON7,*2323:14758-16140(-)

5KRGREDFWHUDFHDH EDFWHULXP (.PP80931)

&ROZHOOLD FKXNFKLHQVLV (6E.88321)

)ODYLKXPLEDFWHU VS. (:P_039126226)

*OR715_NODE_66370:2-1198(-)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033094739)

*OR715_NODE_98076:1-900(+)

*OR*15_&ON7,*782161:54-638(+)

*OR*15_&ON7,*25811:2880-5123(+)

HQGRV\PELRQW RI 7HYQLD MHULFKRQDQD (:P_006475871)

*OR715_NODE_12747:37-2445(+)

*OR714_NODE_2904:3-1511(+)

0XULFDXGD UXHVWULQJHQVLV (:P_014034207)

)XOYLYLUJD LPWHFKHQVLV (:P_040495926)

*OR715_NODE_155061:2-598(-)
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cbb3 oxidases

NorB
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(Nod)
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*OR*15_&ON7,*11725:5004-6722(+)

*OR*15_&ON7,*65921:3-941(+)

UQFXOWXUHG EDFWHULXP (AE/12509)

HQGRV\PELRQW RI 5LGJHLD SLVFHVDH(:P_057957080)

*OR*15_&ON7,*674712:1-696(+)

0DJQHWRYLEULR EODNHPRUHL (:P_069958367)

*OR*15_&ON7,*619:28577-30241(-)

*OR*15_&ON7,*13619:2604-4232(+)

*OR*15_&ON7,*22693:1196-2923(+)

+DOLHD VDOH[LJHQV (:P_027950143)

*OR*15_&ON7,*333310:3-992(+)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033092048)

PODQFWRP\FHWHV EDFWHULXP (O+&06274)

&ROZHOOLD VS. (.X-57710)

*OR*15_&ON7,*251611:241-1287(-)

:RHVHLD RFHDQL (:P_068618953)

*OR*15_&ON7,*97193:657-2315(+)

*OR*15_&ON7,*5881:7651-9282(-)

7KDODVVRPRQDV DFWLQLDUXP (:P_044835765)

PHUVHSKRQHOOD PDULQD (:P_012676432)

*OR*15_&ON7,*11048:5002-5745(+)

BROLYLQD DUJHQWHD HQGRELRQW (-4846280)

*OR*15_&ON7,*107227:2-1420(-)

7KLREDFLOOXV GHQLWULILFDQV (:P_011310590)

*OR*15_&ON7,*544962:2-793(-)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_011044951)

DHOWDSURWHREDFWHULD EDFWHULXP (O*P16868)

5DOVWRQLD HXWURSKD (&AA62740)

*OR*15_&ON7,*321961:337-1101(-)

AQDHUROLQHD WKHUPRSKLOD (:P_013561145)

*OR*15_&ON7,*566267:2-775(-)

*OR*15_&ON7,*2782:13062-14690(+)

*OR*15_&ON7,*172079:3-1289(-)

UQFXOWXUHG EDFWHULXP (AD093541)

*OR*15_&ON7,*529069:63-810(+)

NRQLRQHOOD VWHOOD HQGRELRQW (A)076975)

*OR*15_&ON7,*558737:3-782(-)

DLQRURVHREDFWHU VKLEDH (:P_012179840)

OOHLSKLOXV  (:P_068514287)

*OR*15_&ON7,*7321:8311-10038(-)

*OR*15_&ON7,*511320:2-826(-)

*OR*15_&ON7,*121286:1378-2025(-)

*OR*15_&ON7,*11048:3994-4938(+)

NRQLRQHOOD VWHOOD HQGRELRQW (A)076977)

*OR*15_&ON7,*48642:1151-2779(-)

6HGLPHQWLFROD WKLRWDXULQL (:P_046857961)

6XOIXULPRQDV VS. (:P_021287398)

*OR*15_&ON7,*8174:9193-10593(+)

*OR*15_&ON7,*146128:2-1408(+)

NRQLRQHOOD VWHOOD HQGRELRQW (A)076976)

*OR*15_&ON7,*317464:1-1017(+)

6XOIXULPRQDV JRWODQGLFD (:P_008335683)

*OR*15_&ON7,*56174:1503-3221(-)

&DQGLGDWXV 7KLRGLD]RWURSKD (:P_069128426)

/HYLOLQHD VDFFKDURO\WLFD (:P_062417013)

*OR*15_&ON7,*343822:190-1056(-)

*OR*15_&ON7,*10997:595-2379(+)

BROLYLQD DUJHQWHD HQGRELRQW (A)076974)

*OR*15_&ON7,*402872:2-847(-)

PDUDFRFFXV SDQWRWURSKXV (P72181)

5XHJHULD VS. (:P_068349959)

PVHXGRPRQDV DHUXJLQRVD (P24474)

*OR*15_&ON7,*3420:11084-12715(+)

7KLRWULFKDOHV EDFWHULXP (6E+07989)

*OR*15_&ON7,*143:41889-43496(-)

&XSULDYLGXV PHWDOOLGXUDQV (AB)10044)

*OR*15_&ON7,*179437:3-1589(-)

*OR*15_&ON7,*90050:1552-2424(-)

PVHXGRPRQDV VWXW]HUL (P24040)

*OR*15_&ON7,*643047:3-716(-)

*OR*15_&ON7,*63172:607-2307(-)
BHOOLOLQHD FDOGLILVWXODH (:P_061913166)

0HWK\ORWHQHUD VS. (O*977196)

BUDG\UKL]RELXP ROLJRWURSKLFXP (:P_042340392)

*OR*15_&ON7,*3945:11531-13684(-)

PVHXGRDOWHURPRQDV GHQLWULILFDQV (6)&01129)

XQFXOWXUHG EDFWHULXP (A*/80366)

0HWK\OREDFLOOXV VS. (:P_067106767)

*OR*15_&ON7,*69607:1-930(-)

UQFXOWXUHG EDFWHULXP (ABU89076)

*OR*15_&ON7,*99825:1454-2278(-)

PDUDFRFFXV GHQLWULILFDQV (451700)

*OR*15_&ON7,*366120:1-731(-)

OOHLVSLUD DQWDUFWLFD (:P_046009331)

*OR*15_&ON7,*12158:1170-2762(+)

XQFXOWXUHG EDFWHULXP (ADU86880)

6HGLPHQWLFROD WKLRWDXULQL (:P_046861158)

&DQGLGDWXV 6FDOLQGXD (.+E90378)

*OR*15_&ON7,*692870:1-687(-)

NDWULQHPD VS. (A)O56527)

6XOIXURYXP ULIWLDH (:P_067330138)

UQFXOWXUHG EDFWHULXP (AE/12491)

*OR*15_&ON7,*632061:2-724(-)

*OR*15_&ON7,*396144:1-690(+)

6WHURLGREDFWHU GHQLWULILFDQV (:P_066923189)

DHOWDSURWHREDFWHULD EDFWHULXP (O*P09324)
NLWURVSLUDH EDFWHULXP (O*:56507)

6XOIXULWDOHD K\GURJHQLYRUDQV (:P_041100219)

*OR*15_&ON7,*8667:5721-7310(+)

*OR*15_&ON7,*656077:2-709(+)

*OR*15_&ON7,*480418:1-858(+)

*OR*15_&ON7,*252198:3-1283(+)

*OR*15_&ON7,*180230:1-1503(+)

UQFXOWXUHG EDFWHULXP (AE/12520)

*OR*15_&ON7,*228028:584-1366(+)

*OR*15_&ON7,*196582:512-1501(-)

7KLRDONDOLYLEULR WKLRF\DQRGHQLWULILFDQV (:P_051079955)

*OR*15_&ON7,*592863:1-753(+)

/DEUHQ]LD DOED (:P_055391781)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071626360)

*OR*15_&ON7,*547463:2-793(+)

NLWUDWLUXSWRU VS. (:P_012083162)

*OR*15_&ON7,*697290:1-684(-)

PVHXGRPRQDV VS. (:P_058065571)

NRQLRQHOOD VWHOOD HQGRELRQW (A)076978)

*OR*15_&ON7,*545822:14-793(-)

*OR*15_&ON7,*168363:847-1653(-)

*OR*15_&ON7,*126411:1-918�1073-1802(+)

*OR*15_&ON7,*116768:822-2072(+)
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Bernhard et� al

Bacteria
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*OR715_NODE_10323:619-2682(-)

*OR*15_&ON7,*242066:341-1318(-)

NLWURVSLUD PRVFRYLHQVLV (:P_053381211)

*OR*15_&ON7,*150080:16-713�773-1580(+)�

*OR*15_&ON7,*32131:2356-3582(-)

&KORUHOOD YXOJDULV (A&)22999)

*OR*15_&ON7,*356424:1-1008(+)

0XVFD GRPHVWLFD (XP_005186168)

*OR*15_&ON7,*205686:203-1429(+)

NRWKREUDQFKLXV IXU]HUL (XP_015815182)

*OR715_NODE_33835:1-1641(+)

DURVRSKLOD HOHJDQV (XP_017113158)

*OR715_NODE_36467:55-1623(+)

*OR715_NODE_3620:112-3717(+)

7HWUDQ\FKXV XUWLFDH (XP_015781059)

*OR715_NODE_12856:223-2175(-)

*OR715_NODE_13470:504-2501(-)

*OR715_NODE_23464:3-1883(+)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071625269)

DHVXOIREDFWHUDOHV EDFWHULXP (O*517258)

*OR715_NODE_36028:31-1227(+)

*OR714_NODE_3744:17-1588(-)
*OR715_NODE_18939:194-2080(+)

6QHDWKLHOOD JORVVRGRULSHGLV (:P_025898397)

*OR715_NODE_46367:3-1472(-)

*OR715_NODE_28106:69-1808(+)

E[DLSWDVLD SDOOLGD (.X-15950)

OU\FWRODJXV FXQLFXOXV (XP_008254855)

DHLQRFRFFXV SLPHQVLV (:P_045234953)

AUDELGRSVLV WKDOLDQD (P11832)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071626877)

+DSORFKURPLV EXUWRQL (XP_005924865)

*OR715_NODE_27792:100-1857(-)

*OR*15_&ON7,*98195:178-1500(+)

*OR*15_&ON7,*176:2-1531(-)

*OR715_NODE_20047:1-1917(+)

*OR*15_&ON7,*4565:10787-12118(-)

BUDQFKLRVWRPD EHOFKHUL (XP_019621112)

*OR715_NODE_15352:3-2228(+)

OU\]D VDWLYD (P16081)

&KORUHOOD YDULDELOLV (XP_005844793)

*OR715_NODE_18952:121-2121(-)

/HSWRVSKDHULD PDFXODQV (P36842)

9ROYR[ FDUWHUL (P36841)

DHOWDSURWHREDFWHULD EDFWHULXP (.P-55836)

*OR*15_&ON7,*2535:3760-4521�4602-5528(+)

*OR714_NODE_704:34-2040(+)

AVSHUJLOOXV QLGXODQV (P22945)

NLFRWLDQD WDEDFXP (P11605)

*OR715_NODE_8878:379-2775(-)

9LEULR WDVPDQLHQVLV (:P_017109780)

/DWLPHULD FKDOXPQDH (XP_006004738)

*OR*15_&ON7,*87315:251-393�684-743�806-926�980-2095(+)�

AUFREDFWHU QLWURILJLOLV (:P_013135617)

9LEULR  (:P_048611491)

*OR715_NODE_43036:2-1444(+)

PK\WRSKWKRUD LQIHVWDQV (P39864)

*OR715_NODE_8180:3-1658(+)

*OR715_NODE_15131:91-2385(-)

*OR714_NODE_5488:2-1270(+)

NDQRUDQD SDUNHUL (XP_018416278)

*OR*15_&ON7,*123052:532-1847�1910-2007(-)�

PRO\PRUSKXP JLOYXP (:P_013653437)

/DELOLWKUL[ OXWHROD (A.900371)

*OR715_NODE_36766:11-1645(-)

6HGLPHQWLWDOHD QDQKDLHQVLV (:P_027261447)

AUFREDFWHU DQDHURSKLOXV (:P_044418678)

NHPDWRVWHOOD YHFWHQVLV (XP_001637155)

AVW\DQD[ PH[LFDQXV (XP_007248368)

*OR715_NODE_23299:75-1742(+)

*OR*15_&ON7,*2594:1632-2137�2197-3671�3731-4878(-)

AUFREDFWHU VNLUURZLL (:P_066161225)

0LFURFHEXV PXULQXV (XP_012608601)

*OR*15_&ON7,*113480:819-2108(+)

*HRDONDOLEDFWHU IHUULK\GULWLFXV (:P_040096628)

*OR715_NODE_16833:216-2291(-)

*OR715_NODE_39824:123-1358(-)

*OR*15_&ON7,*475:28168-29493(+)

5HWLFXORP\[D ILORVD (E7O33189)

*OR715_NODE_17785:96-2096(+)

)XVDULXP R[\VSRUXP (P39863)

*OR*15_&ON7,*434094:2-913(+)

*OR*15_&ON7,*6225:8568-9881(-)

*OR*15_&ON7,*42035:2516-3562(-)

*OR*15_&ON7,*2419:20996-21985�22053-23309(-)
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&DQGLGDWXV 0DJQHWREDFWHULXP (.-U86523)

*OR*15_&ON7,*16:163286-165778(-)

*OR*15_&ON7,*11545:2-2179(+)

*OR*15_&ON7,*59126:1169-3124(-)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033095569)

*OR*15_&ON7,*480:52568-54892(-)

*OR*15_&ON7,*4882:1-541�665-2806(+)

PV\FKURPRQDV DUFWLFD (:P_028870392)

*OR*15_&ON7,*66666:1044-2903(+)

*OR*15_&ON7,*11206:3565-6339(+)

&DQGLGDWXV 0XSURWHREDFWHULD (O*,57648)

*OR*15_&ON7,*6470:6879-9197(+)

*OR*15_&ON7,*351917:3-1040(+)

:ROLQHOOD VXFFLQRJHQHV (:P_041572131)

AQDHURP\[REDFWHU VS. (:P_012525020)

*OR*15_&ON7,*236081:2-1339(+)

*OR*15_&ON7,*52241:1-2388(+)

*OR*15_&ON7,*206932:2-1453(+)

6KHZDQHOOD PDULQD (:P_025819754)

*OR*15_&ON7,*9697:1535-3685(-)

*OR*15_&ON7,*263724:2-1249(+)

6KHZDQHOOD VHGLPLQLV (:P_012142259)

9LEULR  (:P_017086853)

*OR*15_&ON7,*169123:517-1647(-)

PKRWREDFWHULXP VS. (:P_064605517)

&DOGLPLFURELXP WKLRGLVPXWDQV (:P_068515234)

*OR*15_&ON7,*4017:7129-9903(+)

NLWURVSLUDH EDFWHULXP (O,O32066)

*OR*15_&ON7,*332218:1-1080(+)

*OR*15_&ON7,*124057:109-1899(-)

*OR*15_&ON7,*95821:1-2334(+)

EVFKHULFKLD FROL (P33937)

*OR*15_&ON7,*92326:1110-2387(-)

*OR*15_&ON7,*51280:3-2129(-)

DHVXOIREDFWHUDOHV EDFWHULXP (O*522410)

6\PELREDFWHULXP WKHUPRSKLOXP (4674=1)

DUDFRQLEDFWHULXP VHGLPLQLV (:P_045029474)

*OR*15_&ON7,*127945:83-1825(+)

*OR*15_&ON7,*89:5671-8157(-)

*OR*15_&ON7,*228:72956-75445(-)

*HREDFWHU SLFNHULQJLL (:P_039739992)

*OR*15_&ON7,*9319:1885-2286�2379-5117(-)

/XWLEDFWHU VS. (:P_068206596)

*OR*15_&ON7,*76212:1-884�998-1588(+)

*OR*15_&ON7,*9734:1644-4139(-)

*OR*15_&ON7,*387150:3-983(+)

*OR*15_&ON7,*169002:3-1190(-)

*OR*15_&ON7,*1972:12992-15478(-)

*OR*15_&ON7,*106836:2-1147(+)

*OR*15_&ON7,*111367:3-2132(-)

*OR*15_&ON7,*20911:325-3099(-)

6XOIXULPRQDV VS. (:P_021287256)

*OR*15_&ON7,*312644:2-1120(-)

DHIHUULVRPD FDPLQL (:P_051463265)

PVHXGRPRQDV DHUXJLQRVD (49,4*3)

PV\FKURPRQDV RVVLEDODHQDH (:P_019616681) 

DHVXOIRUKRSDOXV VLQJDSRUHQVLV (6DP49975)

*OR*15_&ON7,*1:289342-292041(+)

*OR*15_&ON7,*381263:1-990(-)

*OR*15_&ON7,*151739:1-1764(+)

*OR*15_&ON7,*136734:1-1878(+)

&ROZHOOLD FKXNFKLHQVLV (6E.32992)

*OR*15_&ON7,*108661:661-2163(+)

*OR*15_&ON7,*15905:3306-5801(+)

6LQRUKL]RELXP PHOLORWL (492=36)

DHVXOIREXOEDFHDH EDFWHULXP (OEU84147)

*DOOLRQHOODOHV EDFWHULXP (O*667848)

6KHZDQHOOD VS. (:P_055022650)

*OR*15_&ON7,*149126:764-1783(+)

*OR*15_&ON7,*6718:9666-11981(+)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071627168)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033083477)

*OR*15_&ON7,*24756:838-3561(-)

*OR*15_&ON7,*10030:5457-7781(-)

*OR*15_&ON7,*33965:1-1974(+)

*OR*15_&ON7,*71968:109-2772(-)

BUDG\UKL]RELXP GLD]RHIILFLHQV (489EN5)

*OR*15_&ON7,*87973:175-2457(-)

*OR*15_&ON7,*283684:1-1191(+)

PKRWREDFWHULXP SURIXQGXP (:P_006232051)

&ROZHOOLD VS. (:P_070376029)

*OR*15_&ON7,*20420:2-2005(-)

*OR*15_&ON7,*103437:226-2229(+)

*OR*15_&ON7,*16473:5364-6791(-)

OOHLVSLUD DQWDUFWLFD (:P_046008417)

*OR*15_&ON7,*21429:54-2549(-)

*OR*15_&ON7,*172783:522-1628(-)

*OR*15_&ON7,*82748:3-1520(+)

AUFREDFWHU DQDHURSKLOXV (:P_044417869)

*OR*15_&ON7,*67187:3-1169(-)

*OR*15_&ON7,*51524:597-3083(+)

*OR*15_&ON7,*98891:2-1801(+)

*OR*15_&ON7,*3174:10782-13619(+)

&DQGLGDWXV BURFDGLD (..O18310)

+HOLFREDFWHUDFHDH EDFWHULXP (O,P54848)

*OR*15_&ON7,*103815:1083-2225(+)

DHVXOIREXOEDFHDH EDFWHULXP (OEU50771)

*OR*15_&ON7,*203912:1-1254(-)

5DOVWRQLD HXWURSKD (P39185)

AOLLURVHRYDULXV FUDVVRVWUHDH (:P_055189737)

*OR*15_&ON7,*173:17722-20496(-)

&DQGLGDWXV /DPEGDSURWHREDFWHULD (O**93117)

*OR*15_&ON7,*95636:2-2062(-)

*OR*15_&ON7,*210441:3-1034(-)

*OR*15_&ON7,*2962:18040-20433(+)
*OR*15_&ON7,*3985:5292-7784(+)

*OR*15_&ON7,*99280:2-1984(-)

PVHXGRPRQDV VWXW]HUL (43+605)

*OR*15_&ON7,*31143:3552-4568(+)

6XOIXULFHOOD GHQLWULILFDQV (:P_009206827)

OPQLWURSKLFD :O5_2 (O*X40027)

&DQGLGDWXV 0DJQHWREDFWHULXP (:P_040333788)

*OR*15_&ON7,*63497:3-2366(-)

*OR*15_&ON7,*250300:3-1199(+)

*OR*15_&ON7,*52339:898-3360(+)

PVHXGRPRQDV FKORULWLGLVPXWDQV (:P_023443861)

*OR*15_&ON7,*34819:3241-4278(-)

*OR*15_&ON7,*110244:620-2104(+)

*OR*15_&ON7,*119212:39-2045(+)

*OR*15_&ON7,*6292:2872-5643(+)

*OR*15_&ON7,*52500:2-1714(-)

*OR*15_&ON7,*66589:1-2223(-)

&XSULDYLGXV VS. (6DD50194)

*OR*15_&ON7,*292665:2-1168(-)

0DJQHWRVSLULOOXP PDJQHWRWDFWLFXP (493+X3)

PDUDFRFFXV SDQWRWURSKXV (456350)

*OR*15_&ON7,*86807:2-2137(+)

BXUNKROGHULDOHV EDFWHULXP (:P_066593845)

6\QHFKRFRFFXV HORQJDWXV (P39458)

*OR*15_&ON7,*113794:2-925(-)

&DQGLGDWXV 6FDOLQGXD (.+E91545)

*OR*15_&ON7,*177855:1-1236(-)

&DQGLGDWXV 0DJQHWREDFWHULXP (:P_052566726)

*OR*15_&ON7,*33482:1695-4178(+)

*OR*15_&ON7,*124999:831-1985(+)

*OR*15_&ON7,*9319:2358-5168(-)

*OR*15_&ON7,*324891:2-1096(+)

&DQGLGDWXV .XHQHQLD (&A-71229)

0DULQRPRQDV VS. (:P_046019146)

7KLRFDSVD PDULQD (:P_040733652)

7KDODVVRPRQDV DFWLQLDUXP (:P_044834768)

7KHUPRDQDHUREDFXOXP DTXDWLFXP (:P_038047969)

EQGR]RLFRPRQDV DWULQDH (:P_066015112)

*OR*15_&ON7,*2695:3708-6482(+)

*OR*15_&ON7,*209797:2-1162(+)

&DQGLGDWXV 7KLRGLD]RWURSKD HQGRORULSHV (:P_069003917)

*OR*15_&ON7,*28111:79-2685(-)

*OR*15_&ON7,*156891:143-1726(+)

*OR*15_&ON7,*17399:1-1644(-)

7KLRDONDOLYLEULR QLWUDWLUHGXFHQV (:P_015258139)

*OR*15_&ON7,*12936:1-1287(+)

*OR*15_&ON7,*80:80170-82776(-)

*OR*15_&ON7,*1826:12020-14428(+)

*OR*15_&ON7,*7302:3-1604(-)

*OR*15_&ON7,*76327:3-2195(-)

DHVXOIREXOEXV PHGLWHUUDQHXV (:P_028585221)

DHVXOIREDFWHUDOHV EDFWHULXP (.P-98142)

DHOWDSURWHREDFWHULD EDFWHULXP (O,P31914)

*OR*15_&ON7,*33680:67-2793(-)

&ROZHOOLD VS. (:P_057830519)

PKRWREDFWHULXP SURIXQGXP (:P_006230913)

*OR*15_&ON7,*21588:49-2655(+)

*OR*15_&ON7,*493563:3-845(-)

9LEULR F\FOLWURSKLFXV (:P_016796581)

*OR*15_&ON7,*12597:3704-6193(-)

6ROHP\D YHOXP (:P_043115505)

*OR*15_&ON7,*245499:2-1306(-)

&DQGLGDWXV 7KLRPDUJDULWD (.+D04083)

PKRWREDFWHULXP SURIXQGXP (:P_011220739)

*OR*15_&ON7,*277655:1-1209(+)

*OR*15_&ON7,*363351:1-1020(-)

6KHZDQHOOD VS. (.P=71723)

*OR*15_&ON7,*284541:3-1190(-)

*OR*15_&ON7,*35833:1679-4168(+)

*OR*15_&ON7,*46603:814-3555(+)

*OR*15_&ON7,*189771:2-1534(+)

6KHZDQHOOD VHGLPLQLV (:P_012144291)

5KRGREDFWHU VSKDHURLGHV (453176)

PHUVHSKRQHOOD PDULQD (:P_015898889)

*OR*15_&ON7,*295145:2-1162(+)

DHVXOIRFDSVD VXOIH[LJHQV (:P_015405499)

AUFKDQJLXP YLRODFHXP (:P_075207438)

*OR*15_&ON7,*70642:2-2680(+)

*OR*15_&ON7,*56607:1-1362(+)

*OR*15_&ON7,*238063:1-1332(+)

*OR*15_&ON7,*145736:765-1808(+)

NLWURVSLUD EDFWHULXP (.P-99392)

&DQGLGDWXV 6XOIXULFXUYXP (A)997549)
*OR*15_&ON7,*278172:1-1179(+)

*OR*15_&ON7,*6483:10491-12323(-)

*OR*15_&ON7,*1658:15718-18033(+)

DHVXOIRYLEULR VS. (:P_007526008)

*OR*15_&ON7,*351558:2-1042(-)

*OR*15_&ON7,*51989:1-1734(+)

5KRGRF\FODFHDH EDFWHULXP (:P_054619685)

AHURPRQDV DXVWUDOLHQVLV (:P_040095286)

*OR*15_&ON7,*1344:28840-31335(-)

0RULWHOOD PDULQD (:P_019440058)

&DHQLVSLULOOXP VDOLQDUXP (:P_009539806)

.OHEVLHOOD R[\WRFD (406457)

&DQGLGDWXV 0XSURWHREDFWHULD (O*,41194)
6XOIXULFHOOD VS. (:P_059423684)

*OR*15_&ON7,*124908:242-1987(+)

*OR*15_&ON7,*38437:2181-4040(-)

*OR*15_&ON7,*380393:3-992(-)

0DJQHWRVSLULOOXP VS. (:P_068435263)

*OR*15_&ON7,*79672:1-2397(+)
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*OR*15_&ON7,*6322:862-1721�1808-5417(+)
*OR*15_&ON7,*113765:3-2105(-)

AUHQLEDFWHU DOJLFROD (:P_031445324)

AFLGREDFWHULD EDFWHULXP (O)995838)

*OR*15_&ON7,*3406:3773-7252(-)

*OR*15_&ON7,*193559:1-1515(+)

.RUGLLPRQDV ODFXV (:P_068303881)

NLWURVSLUDH EDFWHULXP (.:784149)

*OR*15_&ON7,*26137:42-3806(+)

7KLRFDSVD VS. (&5,68048)

*HRSV\FKUREDFWHU HOHFWURGLSKLOXV (:P_020678056)

*OR*15_&ON7,*56964:803-3193(-)

*OR*15_&ON7,*2322:10835-14446(+)

PVHXGRPRQDV DHUXJLQRVD (&AA75540)

&DQGLGDWXV 6FDOLQGXD (.+E93157)

BDFWHURLGHWHV EDFWHULXP (O)X48899)

*OR*15_&ON7,*66602:1-2907(-)

*OR*15_&ON7,*61052:3-2675(-)

*OR*15_&ON7,*183589:3-1565(+)

*OR*15_&ON7,*2976:14451-17948(-)

*OR*15_&ON7,*2102:2611-3805�3991-7667(+)

*OR*15_&ON7,*150726:3-1769(-)

*OR*15_&ON7,*42973:3-1664(+)

*HRWKUL[ IHUPHQWDQV (:P_026852527)

6KHZDQHOOD VHGLPLQLV (:P_012142298)

BUDG\UKL]RELXP VS. (P85097)
BDFLOOXV VXEWLOLV (P42175)

*OR*15_&ON7,*168144:2-1609(+)

PVHXGRPRQDV VWXW]HUL (:P_044314940)

*OR*15_&ON7,*102815:3-2237(-)

)ODYREDFWHULDOHV EDFWHULXP (.-604195)

*OR*15_&ON7,*186712:1-1551(-)

*OR*15_&ON7,*3630:4322-8086(+)

*OR*15_&ON7,*203:30461-33956�34097-34641(-)

*OR*15_&ON7,*4790:11338-14784(+)

0HLRWKHUPXV FKOLDURSKLOXV (:P_027891931)

*OR*15_&ON7,*131599:2-1924(+)

AFLGREDFWHULD EDFWHULXP (O):00770)

BDFWHURLGHWHV EDFWHULXP (O)<48295)

*OR*15_&ON7,*15972:3-3374(-)

EVFKHULFKLD FROL (P09152)

*OR*15_&ON7,*60485:3-2327(+)

AOWHURPRQDV PHGLWHUUDQHD (:P_012520017)

&DQGLGDWXV 0XSURWHREDFWHULD (O*,49036)
*OR*15_&ON7,*66493:1325-2908(-)

*OR*15_&ON7,*203:30461-34081(-)

*OR*15_&ON7,*123645:1-1508�1562-1868(-)

*OR*15_&ON7,*65724:3-2663(-)

*OR*15_&ON7,*1715:415-4059(-)

*OR*15_&ON7,*758:40323-44084(+)

*OR*15_&ON7,*121203:52-2025(+)

&DQGLGDWXV 0DJQHWREDFWHULXP (:P_040333786)

*OR*15_&ON7,*131599:1-1550�1620-1924(+)

*OR*15_&ON7,*114586:1-2094(+)

0HWK\ORVDUFLQD ILEUDWD (:P_020564491)

*OR*15_&ON7,*96397:2-2326(+)

EVFKHULFKLD YXOQHULV (:P_042396087)

NLWUDWLUHGXFWRU DTXLELRGRPXV (:P_065816866)

&DQGLGDWXV BURFDGLD (:P_052561322) 

*OR*15_&ON7,*5596:2030-5737(-)

*OR*15_&ON7,*117451:3-2063(-)

7KLRSORFD LQJULFD (:P_052491869)

AFLGREDFWHULD EDFWHULXP (O):09665)

*OR*15_&ON7,*3443:746-4486(+)

*OR*15_&ON7,*117451:32-1150�1211-2065(-)

*OR*15_&ON7,*34289:475-3450(+)

*OR*15_&ON7,*149805:1-1776(-)

OPQLWURSKLFD EDFWHULXP (.X.31706)

PHODJLEDFWHUDFHDH EDFWHULXP (:P_069297634)

0\FREDFWHULXP WXEHUFXORVLV (P9:-43)

.DQJLHOOD NRUHHQVLV (:P_012801270)

PVHXGRPRQDV IOXRUHVFHQV (AA*34373)
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*OR*15_&ON7,*440596:22-828(-)

*OR*15_&ON7,*166284:1-1665(+)

*OR*15_&ON7,*165386:585-1670(-)

*OR*15_&ON7,*120263:2-1882(-)

*OR*15_&ON7,*230101:3-1361(+)

BDOQHDWUL[ DOSLFD (:P_027312613)

NLVDHD GHQLWULILFDQV (:P_028464252)

+DORPRQDV JXGDRQHQVLV (6D,95226)

7KLRDONDOLYLEULR QLWUDWLUHGXFHQV (:P_015258432)

*OR*15_&ON7,*5594:686-2599(+)

5RVHRYDULXV PDULVIODYL (:P_073195427)

7KDODVVRVSLUD  (:P_063094987)

NLWURVSLUDH EDFWHULXP (O,P63558)

OOHLSKLOXV  (:P_068507631)

+DORPRQDV LOLFLFROD (:P_072818759)

BUXFHOOD VXLV (48)X16)

*OR*15_&ON7,*75307:1915-2700(+)

*OR*15_&ON7,*137279:847-1875(+)

.LORQLHOOD ODPLQDULDH (:P_020590667)

*OR*15_&ON7,*1441:13397-15302�15471-16828(+)

*OR*15_&ON7,*206991:3-1316(+)

*OR*15_&ON7,*20445:1094-2992(-)

*OR*15_&ON7,*10157:5888-7798(-)

*OR*15_&ON7,*544307:1-795(+)

*OR*15_&ON7,*8682:5376-7223(+)

XQFXOWXUHG HXEDFWHULXP (AA&38341)

*OR*15_&ON7,*136849:1-1149(-)

PVHXGRPRQDV [DQWKRPDULQD (:P_041016029)

5RVHRYDULXV LQGLFXV (:P_064258928)

*OR*15_&ON7,*443792:81-902(+)

*OR*15_&ON7,*39753:120-2030(-)

*OR*15_&ON7,*293640:1-867(+)

&ROZHOOLD SLH]RSKLOD (:P_019030146)

*OR*15_&ON7,*406917:2-952(+)

*OR*15_&ON7,*165253:1-1671(+)

&DQGLGDWXV 0DJQHWREDFWHULXP (:P_040335623)

*OR*15_&ON7,*10773:254-2158(-)

0DULQREDFWHU K\GURFDUERQRFODVWLFXV (:P_011786520)

*OR*15_&ON7,*597601:2-751(+)

PV\FKURPRQDV RVVLEDODHQDH (:P_019614277)

*OR*15_&ON7,*274225:1-1218(+)

*OR*15_&ON7,*325180:3-884(+)

*OR*15_&ON7,*2301:15729-17601�17757-19027(+)

NLWURVSLUDH EDFWHULXP (O*:60594)

*OR*15_&ON7,*4833:3-1457(-)

*OR*15_&ON7,*1968:12424-14280(-)

AFKURPREDFWHU F\FORFODVWHV (P94127)

*OR*15_&ON7,*76626:1-1719(+)

A]RVSLULOOXP OLSRIHUXP (:P_014189253)

*OR*15_&ON7,*2858:4829-6727(-)

*OR*15_&ON7,*160168:1-915(+)

*OR*15_&ON7,*334697:3-1076(+)

*OR*15_&ON7,*492696:141-845(-)

BUDG\UKL]RELXP GLD]RHIILFLHQV (489X-6)

*OR*15_&ON7,*519967:3-767(+)

.LORQLHOOD VSRQJLDH (:P_047765258)

*OR*15_&ON7,*713:10159-12033(+)

7KDODVVRWDOHD VS. (:P_033079403)

*OR*15_&ON7,*160168:50-903�1109-1706(+)

0DULQREDFWHU SHODJLXV (6)098813)

7KLRDONDOLYLEULR VXOILGLSKLOXV (:P_012639115)

PVHXGRPRQDV DHUXJLQRVD (401710)

7KDODVVRPRQDV DFWLQLDUXP (:P_044834983)

6KHZDQHOOD VS. (:P_041509851)

0DULQREDFWHULXP MDQQDVFKLL (:P_027858572)

*OR*15_&ON7,*5338:11897-13792(-)

*OR*15_&ON7,*569935:3-773(+)

*OR*15_&ON7,*382722:149-989(+)

5KRGREDFWHU VSKDHURLGHV (AAD43473)

PDUDFRFFXV GHQLWULILFDQV (451705)

*OR*15_&ON7,*179794:288-1586(-)

PV\FKURPRQDV KDGDOLV (:P_022940901)

7KLRKDORUKDEGXV GHQLWULILFDQV (:P_054965495)

*OR*15_&ON7,*99612:2-1702(+)

PVHXGRPRQDV VWXW]HUL (P19573)

NLWURVSLUDH EDFWHULXP (.:776422)

*OR*15_&ON7,*275127:39-1216(+)

6LQRUKL]RELXP PHOLORWL (459746)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_041737171)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033092424)
*OR*15_&ON7,*42372:985-2886(-)

*OR*15_&ON7,*689:16785-18677(-)

*OR*15_&ON7,*25960:2974-4872(+)

/HLVLQJHUD DTXDHPL[WDH (:P_058287760)

*OR*15_&ON7,*144888:975-1814(+)

&ROZHOOLD VS. (.X-55061)

5DOVWRQLD HXWURSKD (459105)

*OR*15_&ON7,*223159:188-1387(+)
*OR*15_&ON7,*347339:1-873(+)

*OR*15_&ON7,*202617:2-1090(-)

*OR*15_&ON7,*223799:370-1383(+)
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0LFUREXOELIHU YDULDELOLV (:P_020413728)

*OR*15_&ON7,*18136:3440-4909(-)

0DORQRPRQDV UXEUD (:P_072910130)

*OR*15_&ON7,*154654:189-1319(-)�

*OR*15_&ON7,*375275:3-1001(-)

*OR*15_&ON7,*491325:3-845(+)

*OR715_NODE_19154:283-2169(-)

*OR*15_&ON7,*592723:29-754(-)

*OR*15_&ON7,*35271:2338-3285(-)�

*OR*15_&ON7,*744449:3-656(-)

*OR*15_&ON7,*114932:874-1776(+)

*OR*15_&ON7,*212409:3-758(+)�

*OR*15_&ON7,*487666:46-849(-)

*OR*15_&ON7,*86079:322-1854(-)

*OR*15_&ON7,*112765:266-1753(-)�

*OR715_NODE_22341:76-2031(-)

*OR*15_&ON7,*364:21097-22377(+)

*OR*15_&ON7,*10197:8499-9230(-)

*OR*15_&ON7,*242108:413-1318(-)

AVSHUJLOOXV QLGXODQV (P22152)

AUDELGRSVLV WKDOLDQD (O82811)

*OR*15_&ON7,*141669:3-1319(+)

*OR*15_&ON7,*156183:1181-1732(-)

BDFLOOXV PDQQDQLO\WLFXV (:P_025026409)

*HREDFWHU ORYOH\L (:P_012468296)

OOHLSKLOXV VS. (:P_068641418)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_011045669)

*OR*15_&ON7,*213631:734-1300(-)

*OR*15_&ON7,*758:38495-40111(+)

*OR*15_&ON7,*29644:3-1025(-)�

.RUGLLPRQDV OLSRO\WLFD (:P_068151373)

*OR715_NODE_120542:33-752(-)

NHSWXQRPRQDV DQWDUFWLFD (:P_054340709)

DHOWDSURWHREDFWHULD EDFWHULXP (O*407066)

7KLRDONDOLYLEULR QLWUDWLUHGXFHQV (:P_015258543)

6KHZDQHOOD VS. (:P_064792125)

*OR*15_&ON7,*54561:2358-3134(-)�

*OR*15_&ON7,*166640:2-736(-)

*OR*15_&ON7,*524167:210-812(+)

PKDHREDFWHU VS. (:P_058335584)

*OR715_NODE_19057:1-1659(+)

*OR715_NODE_68746:2-1045(+)

6KHZDQHOOD KDOLID[HQVLV (:P_012275309)

*OR715_NODE_84945:42-1010(+)

*OR715_NODE_73007:1-1125(+)

+RUGHXP YXOJDUH (AA&49532)

*OR*15_&ON7,*391135:2-835(-)

5RVHREDFWHU VS. (:P_008208088)

5KL]RELDOHV EDFWHULXP (:P_037020277)

PHUVLFREDFWHU VS. (:P_060689911)

*OR*15_&ON7,*274079:1-651(+)

6HODJLQHOOD PRHOOHQGRUIILL (XP_002978307)

DHOWDSURWHREDFWHULD EDFWHULXP (O*416761)

*OR*15_&ON7,*18167:443-1915(+)

*OR*15_&ON7,*23486:3-677(+)

*OR*15_&ON7,*80510:375-855�926-2061(+)�

*OR715_NODE_9598:1186-2721(-)

*OR*15_&ON7,*10206:309-1802(+)

*OR*15_&ON7,*318841:178-1107(-)

*OR*15_&ON7,*33800:297-1913(-)

DHIHUULEDFWHU GHVXOIXULFDQV (:P_013008784)

*DPPDSURWHREDFWHULD EDFWHULXP (O*778878)

P\URSLD \H]RHQVLV (BA*70346)

*OR715_NODE_28560:115-1833(-)

*OR714_NODE_17123:113-922(-)

*OR*15_&ON7,*40418:1167-2693(+)

*OR*15_&ON7,*83976:1933-2526(-)

*OR*15_&ON7,*583353:1-762(+)

ATXLPDULQD DJDULYRUDQV (:P_010523420)

+\SKRPRQDV RFHDQLWLV (:P_035541076)

*OR*15_&ON7,*736:25758-26972(+)

*OR*15_&ON7,*181681:2-649(-)�

*OR*15_&ON7,*216142:757-1416(-)

*OR*15_&ON7,*216574:2-1015(-)

*OR*15_&ON7,*87:97726-99201(-)

AUDELGRSVLV WKDOLDQD (49)-+8)

*OR*15_&ON7,*13564:1151-2850�3220-4375(-)

*OR*15_&ON7,*64973:841-1785(-)�

*OR715_NODE_4272:1872-3539(+)

*OR714_NODE_2106:91-1626(+)

*OR*15_&ON7,*130328:1-675(-)

*OR714_NODE_26867:1-591(+)

)ODYREDFWHULDOHV EDFWHULXP (.-604684)

5XILEDFWHU URVHXV (:P_066621613)

*OR715_NODE_34939:13-1524(-)

OJDWDHD DQJXVWD (&AA93631)

*OR714_NODE_7468:304-1281(-)

*OR715_NODE_38189:2-1477(+)

*OR*15_&ON7,*2102:2611-3805�3991-7667(+)

*OR*15_&ON7,*535587:1-801(-)

*HRSV\FKUREDFWHU HOHFWURGLSKLOXV (:P_020677689)

*OR*15_&ON7,*76290:1158-2678(-)

*OR715_NODE_17238:3-1835(+)

PKRWREDFWHULXP SURIXQGXP (:P_006233100)

*OR*15_&ON7,*249688:2-1123(-)

PVHXGRPRQDV VWXW]HUL (:P_015276772)

*OR*15_&ON7,*157834:3-1193(+)

.DQJLHOOD NRUHHQVLV (:P_012801272)

*OR*15_&ON7,*74406:2-1054(+)

EVFKHULFKLD FROL (P37758)

*OR*15_&ON7,*6502:9872-11263(+)

*OR715_NODE_83113:3-920(+)

9LWUHOOD EUDVVLFDIRUPLV (&E007558)
*OR715_NODE_26187:297-1829(-)

*OR*15_&ON7,*2102:2611-3930(+)

*OR715_NODE_101395:2-874(-)

*OR*15_&ON7,*430585:1-918(-)

*OR*15_&ON7,*52231:3-908(-)

*OR*15_&ON7,*714970:3-674(-)

*OR*15_&ON7,*370085:2-937(+)

*OR715_NODE_25113:331-1752(+)

*OR*15_&ON7,*217165:2-958(-)

*OR*15_&ON7,*520401:1-672(-)

PVHXGRYLEULR VS. (:P_014283618)

*OR*15_&ON7,*287158:40-1182(-)

*OR714_NODE_11022:1-849(+)

*OR*15_&ON7,*74406:1543-2718(+)

6KHZDQHOOD  (:P_055024379)

&DQGLGDWXV 7KLRGLD]RWURSKD (:P_069126666)

*OR*15_&ON7,*457501:2-883(-)

6KHZDQHOOD YLRODFHD (:P_013051968)

*OR*15_&ON7,*144974:89-1651(-)�

6\PELRGLQLXP PLFURDGULDWLFXP (O/P97657)

*OR715_NODE_29672:63-1625(+)

*OR*15_&ON7,*128606:2-1171(-)

*OR715_NODE_32785:56-1636(+)

*OR*15_&ON7,*320572:3-1103(+)

*OR715_NODE_23557:238-1941(-)

*OR*15_&ON7,*643273:52-718(+)

OOHLSKLOXV VS. (:P_068764589)

PVHXGRPRQDV SRKDQJHQVLV (6DU39325)

*OR*15_&ON7,*218593:343-1404(-)

*OR*15_&ON7,*340858:215-1063(-)

*OR715_NODE_29813:225-1739(-)

*OR*15_&ON7,*54561:1984-2386�2446-3134(-)�

PVHXGRPRQDV DHUXJLQRVD (:P_043093244)

*OR715_NODE_28227:140-1675(+)

*OR715_NODE_24331:153-1964(-)

*OR*15_&ON7,*46540:3-1055(-)

&\WRSKDJD DXUDQWLDFD (:P_018342756)

*OR*15_&ON7,*1039253:2-538(+)�

PHODJLEDFWHUDFHDH EDFWHULXP (:P_069304869)

*OR*15_&ON7,*110211:243-1504�1578-2146(-)�

*OR715_NODE_26150:178-1905(-)

*OR*15_&ON7,*936415:3-572(-)

AUVHQLFLEDFWHU URVHQLL (:P_071501762)

*OR*15_&ON7,*3630:16064-17539(-)

*OR715_NODE_142774:3-647(+)

BDFWHURLGHWHV EDFWHULXP (O)X53346)

*OR*15_&ON7,*40782:1255-2859(+)

*OR*15_&ON7,*313935:169-1119(-)

*OR*15_&ON7,*715877:1-672(-)

DHQLWURYLEULR DFHWLSKLOXV (:P_013011339)

*OR*15_&ON7,*5742:9843-11627(-)

*OR*15_&ON7,*21729:179-1798(-)

&KORUHOOD VRURNLQLDQD (AA.02066)

*OR*15_&ON7,*6692:4398-5666(-)

6KHZDQHOOD VS. (:P_064792117)

*OR*15_&ON7,*368222:1-1011(+)

*OR*15_&ON7,*2270:21768-23234(-)

*OR715_NODE_140112:1-657(+)

6DOPRQHOOD HQWHULFD (P37593)

*OR*15_&ON7,*502445:2-835(-)�

0LFURPRQDV FRPPRGD (XP_002505390)

&KODP\GRPRQDV UHLQKDUGWLL (439608)

0\FREDFWHULXP WXEHUFXORVLV (&&P45116)

*OR*15_&ON7,*288023:1-1179(-)

JDPPD SURWHREDFWHULXP (:P_008283611)

PVHXGRPRQDV DHUXJLQRVD (:P_052188854)

7KDODVVRVSLUD OXFHQWHQVLV (:P_028791421)

*OR715_NODE_94079:2-913(-)

*OR715_NODE_26428:2-1627(+)

*OR*15_&ON7,*425650:2-718(-)

*OR714_NODE_10057:2-1012(+)

5RVHREDFWHU VS. (:P_008208089)

NHSWXQLLEDFWHU FDHVDULHQVLV (:P_007022597)

*OR714_NODE_14892:180-983(-)

/XQDWLPRQDV ORQDUHQVLV (:P_010856706)

*OR715_NODE_28873:99-1745(-)

*OR*15_&ON7,*334895:3-1073(-)�

*OR*15_&ON7,*23791:791-2260(-)

*OR*15_&ON7,*827950:2-616(-)
*OR*15_&ON7,*1066546:1-504(-)

*OR*15_&ON7,*217586:3-1205(-)

BDFLOOXV QLDFLQL (:P_045521209)

*OR*15_&ON7,*2102:10548-11876(+)

*OR*15_&ON7,*191821:862-1524(+)

.DQJLHOOD NRUHHQVLV (:P_012801271)

6KHZDQHOOD VHGLPLQLV (AB937370)

*OR715_NODE_102081:186-869(-)

OR*15_&ON7,*19398:3701-5170(-)

*OR715_NODE_43111:80-1507(-)

*OR*15_&ON7,*368287:3-1013(-)

*OR*15_&ON7,*388412:153-980(-)

*OR*15_&ON7,*220207:1-606(+)

*OR*15_&ON7,*73541:1375-2739(+)

*OR*15_&ON7,*66257:1-1234�1573-1778(+)

*OR715_NODE_72502:3-1010(-)

PVHXGRDOWHURPRQDV VS. (:P_058549749)

*OR*15_&ON7,*40782:2-1222(+)

PHOREDFWHU VHOHQLLJHQHV (:P_029917023)

6HGLPHQWLFROD VHOHQDWLUHGXFHQV (:P_029134436)

&ROZHOOLD VS. (:P_058026953)

*OR715_NODE_31701:427-1755(-)

*OR715_NODE_24400:635-1960(+)

*OR*15_&ON7,*148164:85-1281(+)�

EVFKHULFKLD FROL (P10903)

7KLRKDORPRQDV GHQLWULILFDQV (6&=63477)

DHVXOIXURPRQDV VS. (:P_027714570)

BDFWHURLGHWHV EDFWHULXP (O)X17778)

*OR*15_&ON7,*44240:2118-3587(+)

*OR*15_&ON7,*547994:1-792(+)

*OR715_NODE_42351:85-1539(-)

)OH[LWKUL[ GRURWKHDH (:P_020533583)

DHVXOIXURPRQDV VS. (:P_027714569)

PV\FKURPRQDV DTXLPDULQD (:P_028865745)

*OR715_NODE_23944:191-1738(-)

*OR714_NODE_9340:2-949(+)

0\FRSODVPD JHQLWDOLXP (449411)

PODQFWRP\FHWHV EDFWHULXP (O+B80378)

*OR*15_&ON7,*429069:1-921(+)

*OR715_NODE_23841:140-1924(-)

*OR*15_&ON7,*13564:4997-6463(+)

*OR715_NODE_31986:113-1594(+)

*OR*15_&ON7,*290582:1-1173(+)

/HSWRVSLUD ELIOH[D (AB=95168)

PVHXGRPRQDV VWXW]HUL (:P_041103696)

*OR714_NODE_13427:165-1025(-)

ATXLPDULQD ODWHUFXOD (:P_027394077)

*OR*15_&ON7,*417499:3-935(+)

*OR715_NODE_34005:55-1569(+)

*OR*15_&ON7,*328150:3-1088(-)

*OR*15_&ON7,*174139:2-829(+)

*OR715_NODE_21476:107-2017(-)

*OR715_NODE_33196:219-1721(-)

0\FREDFWHULXP WXEHUFXORVLV (&&P44503)

)XOYLYLUJD LPWHFKHQVLV (E/569981)

PVHXGRDOWHURPRQDV  (:P_004587746)

*OR715_NODE_38722:82-1605(-)

OPQLWURSKLFD EDFWHULXP (.X.31710)

)XOYLYLUJD LPWHFKHQVLV (:P_009579668)

PVHXGRPRQDV VWXW]HUL (:P_064481401)

.RUGLLPRQDV OLSRO\WLFD (:P_068151378)

*OR715_NODE_38558:86-1609(-)

*OR*15_&ON7,*758:34121-35611(-)

BDFLOOXV VXEWLOLV (P39843)

0DORQRPRQDV UXEUD (:P_072910120)

*OR*15_&ON7,*1261694:2-481(+)

*OR*15_&ON7,*831894:1-561(-)

AUFREDFWHU VS. (:P_072679746)

*OR*15_&ON7,*4233:4915-6381(+)

PVHXGRYLEULR VS. (:P_008548568)

*OR*15_&ON7,*35271:2019-2326�2400-3288�3348-3393�3455-3592�3731-3812�3877-3925(-)�

*OR715_NODE_106370:2-739(+)

PVHXGRPRQDV VWXW]HUL (:P_014821515)

*OR715_NODE_11517:106-1749(-)

*OR*15_&ON7,*81845:944-2566(-)

OOHLVSLUD DQWDUFWLFD (:P_046009006)

*OR*15_&ON7,*3443:2-721(+)

*OR*15_&ON7,*22871:3754-5034(-)

*OR*15_&ON7,*360280:125-1027(-)

*OR715_NODE_42810:66-1529(+)

*OR*15_&ON7,*173365:2-1012(+)

6DOLQLPLFURELXP WHUUDH (:P_029035664)

*OR*15_&ON7,*269109:345-1232(+)

*OR*15_&ON7,*96225:1089-2327(-)

*OR*15_&ON7,*18047:3461-4720(-)

+DKHOOD JDQJKZHQVLV (:P_020409364)

*OR*15_&ON7,*368490:30-1013(-)

*OR*15_&ON7,*124466:632-1912(-)

*OR*15_&ON7,*86617:1-933(+)

0LFDYLEULR DHUXJLQRVDYRUXV (:P_015467200)

*OR714_NODE_14209:3-749(+)

*OR714_NODE_30864:1-513(+)

*OR*15_&ON7,*758:37082-38359(+)

*OR*15_&ON7,*144227:2-1405(+)

*OR714_NODE_28140:2-709(-)

*OR*15_&ON7,*5742:11664-13295(-)

*OR715_NODE_2909:164-1987(-)

*OR715_NODE_100156:3-884(+)

&DQGLGDWXV &RQWHQGREDFWHU (:P_034435065)

*OR*15_&ON7,*5888:10782-12263(-)

*OR*15_&ON7,*386225:2-982(+)

*OR714_NODE_3525:2-1453(+)

*OR*15_&ON7,*3630:2573-4177(+)

*OR*15_&ON7,*203:16874-18484(+)

*OR*15_&ON7,*13564:3017-4492(-)

*OR714_NODE_1351:86-1603(+)

.RUGLLPRQDV ODFXV (:P_068303881)

*OR*15_&ON7,*136921:3-1115(-)

*OR*15_&ON7,*811199:1-624(+)

*OR*15_&ON7,*76290:1-1095(-)

*OR*15_&ON7,*2322:17547-19082(+)

6KHZDQHOOD VHGLPLQLV (:P_012142297

DHOWDSURWHREDFWHULD EDFWHULXP (O*426345)

*OR*15_&ON7,*33800:1910-3403(-)

*OR714_NODE_1744:805-1932(-)

*OR*15_&ON7,*889981:2-592(+)

+DKHOOD FKHMXHQVLV (:P_011397784)

+DORPRQDV HORQJDWD (:P_069384109)

&KORUHOOD YDULDELOLV (XP_005844792)

*OR714_NODE_14505:146-994(-)

*OR*15_&ON7,*21729:1863-3209(-)

*OR715_NODE_18439:356-2206(-)

*OR*15_&ON7,*14343:1-495(-)

*OR715_NODE_83400:129-1022(+)

*OR715_NODE_24729:89-1891(-)

*OR*15_&ON7,*431424:1-600(+)

*OR715_NODE_5255:1343-3193(+)

7KDODVVRWDOHD VS. (:P_068545517)

*OR*15_&ON7,*6322:8309-10105(+)

*OR715_NODE_31295:222-1697(-)

*OR715_NODE_78724:3-1043(+)

*OR*15_&ON7,*595396:1-753(-)

*OR715_NODE_52630:145-1371(-)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071628062)

*OR*15_&ON7,*30501:2-1504(+)

6XOIXULPRQDV JRWODQGLFD (:P_008339934)

*OR*15_&ON7,*471:54001-55506(+)

*OR*15_&ON7,*744547:1-657(-)

6HGLPHQWLFROD WKLRWDXULQL (A.+20001)

*OR*15_&ON7,*96225:1-1005(-)

*OR715_NODE_40536:94-1524(-)

*OR*15_&ON7,*381348:3-992(-)

AQDHUREDFLOOXV DUVHQLFLVHOHQDWLV (:P_071313334)

*OR*15_&ON7,*113943:2-1348(-)

7KDODVVRWDOHD VS. (:P_033076791)

6KHZDQHOOD VHGLPLQLV (:P_012142308)

*OR*15_&ON7,*256222:463-1272(+)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033092581)

*OR715_NODE_31700:3-1748(+)

+RUGHXP YXOJDUH (AA&49531)

*OR715_NODE_28287:92-1759(+)

BDFLOOXV VXEWLOLV (P42237)

JDPPD SURWHREDFWHULXP (E**99019)

PDUDJODFLHFROD PHVRSKLOD (:P_006992558)

*OR715_NODE_33972:36-1502(+)

*OR*15_&ON7,*6502:8409-9806(+)

&KRQGUXV FULVSXV (XP_005716155)

*OR*15_&ON7,*203:18527-20128(+)

*OR715_NODE_32601:142-1734(-)

.RUGLLPRQDV ODFXV (:P_068303883)

AOJRULSKDJXV DONDOLSKLOXV (6DA48411)

6DFFKDURSKDJXV GHJUDGDQV (:P_011468756)

*OR*15_&ON7,*368013:3-1013(-)

*OR*15_&ON7,*57108:2-628(-)

*OR*15_&ON7,*213882:650-1423(+)

*OR*15_&ON7,*255403:61-1275(+)

*OR715_NODE_83972:2-994(-)

0DULQREDFWHULXP SURIXQGXP (:P_067298402)

*OR714_NODE_3622:151-1605(-)

*OR*15_&ON7,*231400:361-1356(-)

6KHZDQHOOD VHGLPLQLV (:P_012142284)

*OR715_NODE_106307:2-841(-)

*OR*15_&ON7,*178390:639-1595(+)�

)ODYREDFWHULXP VS. (:P_045971614)

BHWDSURWHREDFWHULD EDFWHULXP (O*A42675)

*OR715_NODE_160875:1-579(-)

*OR*15_&ON7,*18856:2738-4255(-)�

*OR*15_&ON7,*6322:10169-11767(+)

+DKHOOD JDQJKZHQVLV (:P_051085333)

*OR*15_&ON7,*2322:19147-20751(+)

*OR*15_&ON7,*497178:3-839(+)

.RUGLLPRQDV ODFXV (:P_068303886)

PVHXGRPRQDV MLQMXHQVLV (6DO18182)

*OR714_NODE_7805:1-945(+)

*OR*15_&ON7,*23950:763-2427(+)

*OR714_NODE_3031:2-1459(+)

*OR715_NODE_30602:218-1753(-)

*OR*15_&ON7,*631448:2-724(-)

*OR*15_&ON7,*408704:329-949(+)

*OR714_NODE_3023:99-1469(-)

*OR*15_&ON7,*84126:384-1664(-)

*HRSV\FKUREDFWHU HOHFWURGLSKLOXV (:P_020677688)

*LPHVLD PDULV (:P_002646568)

6DOHJHQWLEDFWHU VS. (:P_075324701)

*OR*15_&ON7,*23226:2856-4130(-)

*OR*15_&ON7,*19176:4081-5547(+)

*OR*15_&ON7,*226121:2-1348(+)

*OR*15_&ON7,*141588:353-1840(-)

*OR715_NODE_33952:97-1704(-)

PVHXGRDOWHURPRQDV  (:P_010556319)

*OR715_NODE_33981:187-1662(-)

*OR*15_&ON7,*469216:3-872(-)

*OR714_NODE_17454:101-913(-)

*OR*15_&ON7,*133191:519-1796(-)

DHVXOIXURPRQDV VS. (:P_066727830)

BHUPDQHOOD PDULVUXEUL (:P_007016480)

)ODYREDFWHULDOHV EDFWHULXP (.-604685)

AHVWXDULLEDFWHU VDOH[LJHQV (:P_026375765)

*OR715_NODE_77828:3-989(-)

PHOREDFWHU VHOHQLLJHQHV (:P_029917022)

*OR*15_&ON7,*221528:1-1392(+)�

OVHGD[ V\PELRQW (EP-48262)

*OR*15_&ON7,*452116:1-891(+)

*OR715_NODE_46614:152-1465(-)

&ROZHOOLD VS. (:P_070374708)

*OR*15_&ON7,*5061:12872-14353(-)

*OR*15_&ON7,*375699:315-1001(+)

*OR*15_&ON7,*56539:639-2243(-)

*OR715_NODE_18509:90-1958(+)

*OR715_NODE_13635:3-1904(+)

*OR*15_&ON7,*94054:3-656(-)

*OR715_NODE_52003:2-1381(+)

*OR*15_&ON7,*715728:1-672(-)

*OR*15_&ON7,*698259:104-682(+)

7KDODVVLRVLUD SVHXGRQDQD (XP_002287398)

*HRWKUL[ IHUPHQWDQV (:P_026852528)

9LEULR  (:P_010428993)

*OR715_NODE_22083:54-1718(+)

BDFLOOXV VXEWLOLV (P46907)

*OR*15_&ON7,*53350:2297-3322(+)�

*OR*15_&ON7,*405145:1-954(+)

BDFLOOXV VXEWLOLV (P42432)

*OR*15_&ON7,*31802:3028-4497(+)

*OR*15_&ON7,*154654:189-1258�1458-1635(-)�
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0.6

5KRGREDFWHU VSKDHURLGHV (453239)

+DORDUFXOD PDULVPRUWXL (&AB93142)

AVSHUJLOOXV WHUUHXV (XP_001209749)

*OR715_NODE_338228:3-317(+)

*OR*15_&ON7,*158586:32-419�491-1030�1087-1649(+)�

PDUFXEDFWHULD JURXS (..547144)

BDFLOOXV PHVRQDH (:P_066387624)

5osalina sp� NirK fragment 1

NLWURVSLUD GHIOXYLL (:P_013250737)

AFDQWKDPRHED FDVWHOODQLL (ABD46578)

*OR*15_&ON7,*995833:1-552(+)

AFKURPREDFWHU [\ORVR[LGDQV (AA&05831)

NLWURVSLQDH EDFWHULXP (O*:17167)

5KRGRWKHUPXV PDULQXV (:P_014067172)

*OR715_NODE_202652:3-470(-)

*OR*15_&ON7,*98795:777-2198(+)

PRQWLEDFWHU VS. (:P_007659926)
*OR*15_&ON7,*18903:3362-4765(-)

AVSHUJLOOXV ILVFKHUL (XP_001262952)

*OR715_NODE_4197:1119-3623(+)

0HWK\ORWKHUPDFHDH EDFWHULD (.X-41779)

AOFDOLJHQHV IDHFDOLV (P38501)

)XVDULXP R[\VSRUXP (ABU88100)

+DORIHUD[ GHQLWULILFDQV (&AD89521)

*OR*15_&ON7,*57448:1174-2052(-)�

6KHZDQHOOD GHQLWULILFDQV (:P_011497898)

&KURPREDFWHULXP YLRODFHXP (AA459679)

*OR*15_&ON7,*57448:395-1029�1212-2054�2237-2978(-)�

*OR715_NODE_10044:261-2648(-)

)ODYREDFWHULDFHDH EDFWHULXP (:P_071671477)

&KODP\GRPRQDV UHLQKDUGWLL (EDO97057)

&KORURIOH[L EDFWHULXP (.X.16481)

7HQDFLEDFXOXP PHVRSKLOXP (:P_047788910)

AUGHQWLFDWHQD PDULWLPD (:P_054492073)

BUDG\UKL]RELXP VS. (:P_009028608)

5RVHRYDULXV WROHUDQV (:P_050662738)

*OR715_NODE_12185:141-2504(-)

BGHOORYLEULR EDFWHULRYRUXV (&AE80401)

*OR*15_&ON7,*52107:1852-3027(+)

&KDHWRPLXP JORERVXP (XP_001227922)

*OR*15_&ON7,*16670:1-1107(-)

5DOVWRQLD VRODQDFHDUXP (&AD18654)

*OR*15_&ON7,*57448:2223-3176(-)�

PVHXGRPRQDV VWXW]HUL (:P_046619364)

AVSHUJLOOXV RU\]DH (BAE60390)

BUDG\UKL]RELXP VS. (:P_012046649)

*OR*15_&ON7,*820933:3-620(-)

UQFXOWXUHG EDFWHULXP (AB,20099)

AOORJURPLLG HQGRELRQW (AEU12655)

AFKURPREDFWHU F\FORFODVWHV (P25006)

*OR714_NODE_27507:2-721(+)

BUDG\UKL]RELXP GLD]RHIILFLHQ (NP_773729)

DPPRQLD-R[LGL]LQJ DUFKDHRQ (A)618259)

9HUPDPRHED YHUPLIRUPLV (ABD46561)

AVSHUJLOOXV IXPLJDWXV (XP_754129)

EXU\DUFKDHRWD DUFKDHRQ (O*647437)

*OR*15_&ON7,*707601:133-678(-)

AOFDOLJHQHV VS. 67&1 (BAB21510)

NDHJOHULD JUXEHUL (XP_002674759)

*OR*15_&ON7,*768381:2-397(-)

5KL]RELXP VXOODH (460214)

6LQRUKL]RELXP PHOLORWL (AA.65339)

PVHXGRPRQDV FKORURUDSKLV (&AA79939)

PVHXGRDOWHURPRQDV KDORSODQNWLV (:P_011328157)

PVHXGRPRQDV WDHDQHQVLV (:P_025163318)

Bri]alina sp� NirK fragment
          (S552003388�68811:22-213(+))

NLWURVSLQD VS. (:P_048493390)

BUXFHOOD VXLV (AAN33462)

5osalina sp� NirK fragment 2

AJUREDFWHULXP IDEUXP (AA.89058)

+LVWRSODVPD FDSVXODWXP (XP_001543228)

*OR*15_&ON7,*1584:16080-17483(-)

BXOLPLQHOOD WHQXDWD HQGRELRQW (A)076973)

UQFXOWXUHG EDFWHULXP (ABA54053)

*OR*15_&ON7,*1464911:2-439(-)

*OR*15_&ON7,*1014:34099-35244(+)

*HREDFLOOXV WKHUPRGHQLWULILFDQV (4<6A_A)

OSLWXWDFHDH EDFWHULXP (:P_069963550)

BUDG\UKL]RELXP VS. (:P_063621726)

*OR*15_&ON7,*728244:2-667(-)

7KDODVVRVSLUD VS. (:P_073956792)

*OR*15_&ON7,*572741:300-770(-)

NHLVVHULD JRQRUUKRHDH (AAB23836)

6KHZDQHOOD ORLKLFD (:P_011867131)

*OR715_NODE_10368:72-2543(+)

5KRGRSVHXGRPRQDV SDOXVWULV (&AE29586)

*OR*15_&ON7,*1509495:1-429(+)

5KRGRWKHUPXV SURIXQGL (:P_072713876)

5XHJHULD PRELOLV (:P_005620794)

+\SKRPLFURELXP GHQLWULILFDQV (BA&00912)
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)oraminifera
I

II

Class II

NirK

1.0

PDUDFRFFXV GHQLWULILFDQV (BAA32546)

*OR*15_&ON7,*111898:867-2126(+)

*OR714_NODE_17295:1-792(+)

NLWUDWLIUDFWRU VDOVXJLQLV (:P_013554499)

*OR*15_&ON7,*357133:146-892(-)

*OR*15_&ON7,*189991:1-1173(+)

APSKULWHD MDSRQLFD (:P_019623155)

*OR*15_&ON7,*69100:1-771(-)

*HREDFLOOXV VWHDURWKHUPRSKLOXV (3A<)_A)

+DORFRFFXV VDFFKDURO\WLFXV (:P_006076898)

&DQGLGDWXV .RULEDFWHU (:P_011521171)

*OR714_NODE_18053:3-899(+)

)ODYLKXPLEDFWHU VS. (:P_039126226)

*OR*15_&ON7,*373215:2-1003(-)

AQDHURP\[REDFWHU VS. (:P_012098660)

*OR*15_&ON7,*17791:5317-6480(-)

*OR715_NODE_60273:141-1268(-)

PVHXGRPRQDV VWXW]HUL (:P_014819181)

*OR715_NODE_37625:2-1552(-)

PVHXGRPRQDV VWXW]HUL (:P_023446634)

+DORIHUD[ HORQJDQV (:P_008324936)

PODQFWRP\FHWHV EDFWHULXP (O+&01281)

PVHXGRPRQDV DHUXJLQRVD (NP_249215)

&D. 0HWK\ORPLUDELOLV R[\IHUD (&BE69496)

*OR*15_&ON7,*759705:2-649(-)

*OR*15_&ON7,*536214:3-803(-)

*OR715_NODE_60978:1-1260(+)

*OR*15_&ON7,*25811:2880-5123(+)

*OR*15_&ON7,*790168:1-633(+)

*OR714_NODE_34255:3-626(+)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033094739)

0DJQHWRYLEULR EODNHPRUHL (:P_069956330)

*OR*15_&ON7,*26565:1-1026(+)

PKRWREDFWHULXP SURIXQGXP (:P_006229965)

*OR*15_&ON7,*343032:1-1059(-)

*OR*15_&ON7,*8086:7492-8844(-)

*OR*15_&ON7,*66041:1702-2919(+)

OOHLVSLUD DQWDUFWLFD (:P_046009276)

*OR715_NODE_134353:3-683(-)

*OR*15_&ON7,*129983:121-1485(+)

*OR*15_&ON7,*506976:1-801(+)

0DJQHWRVSLULOOXP JU\SKLVZDOGHQVH (:P_024079950)

AFLGREDFWHULD EDFWHULXP (O)998586)

*OR714_NODE_2865:1-1461(+)

*OR*15_&ON7,*95325:2-1177(+)

*OR*15_&ON7,*226732:546-1373(-)

*OR*15_&ON7,*231475:2-1090(+)�

PDUDFRFFXV GHQLWULILFDQV (AA&44516)

*OR715_NODE_150223:2-616(-)

0XULFDXGD UXHVWULQJHQVLV (:P_014034207)

*OR715_NODE_75937:1-1095(-)

*OR715_NODE_98076:1-900(+)

*OR*15_&ON7,*673952:3-698(+)

*OR714_NODE_2904:3-1511(+)

6XOIXULPRQDV DXWRWURSKLFD (:P_013326220)

NHLVVHULD JRQRUUKRHDH (:P_003691589)

*OR715_NODE_130728:3-701(+)
*OR715_NODE_29606:46-1806(+)

*OR*15_&ON7,*730873:1-663(+)

*OR*15_&ON7,*1042:33718-35106(-)

*OR*15_&ON7,*84200:1-1563(-)

6WDSK\ORFRFFXV DXUHXV (E*/94648)

*OR*15_&ON7,*131270:2-1906(+)

6XOIXULPRQDV VS. (:P_021287396)

*OR*15_&ON7,*11725:3275-4693(+)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071625070)

*OR*15_&ON7,*16186:3460-4878(-)

*OR715_NODE_113330:3-707(+)

*OR715_NODE_12747:37-2445(+)

6KHZDQHOOD GHQLWULILFDQV (:P_011496419)

*OR*15_&ON7,*271678:565-1224(-)

*OR*15_&ON7,*2323:14758-16140(-)

&HFHPELD ORQDUHQVLV (:P_009184414)

*OR715_NODE_108271:1-828(+)

6SLURFKDHWD VS. (:P_037560822)

*OR715_NODE_155061:2-598(-)

AOLLURVHRYDULXV VHGLPLQLOLWRULV (6E:38035)

&D. 0HWK\ORPLUDELOLV R[\IHUD (&BE69502)

9RJHVHOOD VS. (:P_047967241)

*OR715_NODE_56612:136-1317(-)

*OR715_NODE_66370:2-1198(-)

OFHDQLFROD VS. (:P_024812023)

AOWHURPRQDGDFHDH EDFWHULXP (:P_045859490)

*OR*15_&ON7,*245553:1-1287(+)

*OR*15_&ON7,*406717:2-952(+)

*OR*15_&ON7,*160964:170-1093(+)

*OR*15_&ON7,*51:115717-117105(+)

*OR*15_&ON7,*230562:1-1359(+)

OPQLWURSKLFD EDFWHULXP (.X.33524)

*OR715_NODE_107210:2-835(-)

*OR715_NODE_132986:3-689(-)

*OR715_NODE_109954:3-764(+)

*OR*15_&ON7,*93069:394-2376(-)

6XOIXULFXUYXP NXMLHQVH (:P_013449860)

*OR715_NODE_10819:151-2556(+)

*OR*15_&ON7,*394623:21-971(-)

*OR714_NODE_5490:1-1419(+)

AUFREDFWHU EXW]OHUL (:P_014468878) QLWULF R[LGH UHGXFWDVH

*OR715_NODE_90613:3-959(-)

*OR*15_&ON7,*24333:1-1416(+)

*OR*15_&ON7,*5881:9550-10968(-)

*OR715_NODE_66643:3-1193(-)

HQGRV\PELRQW RI 7HYQLD MHULFKRQDQD (:P_006475871)

*OR*15_&ON7,*122719:3-2009(+)

6\QHFKRF\VWLV VS. P&& 6803 (BAA18795)

PRQWLEDFWHU DNHVXHQVLV (:P_068836329)

*OR714_NODE_28562:3-704(+)

PVHXGRPRQDV DHUXJLQRVD (NP_252822)

Bri]alina sp� Nor fragment 1

AUFREDFWHU  (:P_026806152)

6KHZDQHOOD VHGLPLQLV (:P_012144156)

*OR*15_&ON7,*40252:2438-3826(-)

/DEUHQ]LD DOED (:P_055391779)

5XHJHULD SRPHUR\L (:P_011241995)

*OR715_NODE_88935:1-975(+)

5XHJHULD DWODQWLFD (:P_058274912)

*OR*15_&ON7,*60959:3-1271(-)

AOLLURVHRYDULXV FUDVVRVWUHDH (:P_055187218)

)XOYLYLUJD LPWHFKHQVLV (:P_040495926)

*OR714_NODE_686:221-2383(-)

*OR*15_&ON7,*15681:4747-6135(-)

*OR*15_&ON7,*17003:4513-6663(-)

*OR715_NODE_67636:2-1183(-)

*OR*15_&ON7,*622857:113-730(-)

*OR*15_&ON7,*114677:3-1148(-)

*OR715_NODE_97550:2-904(+)

*OR*15_&ON7,*49717:890-3289(+)�

*OR*15_&ON7,*15312:4224-5603(+)

JDPPD SURWHREDFWHULXP +GN1 (:P_013262110)

*OR715_NODE_121431:3-749(+)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_011041451)

*OR*15_&ON7,*708003:3-677(-)

*OR715_NODE_113506:3-794(-)
*OR715_NODE_61050:3-1259(+)

*OR*15_&ON7,*54336:3-2213(-)

*OR*15_&ON7,*782161:54-638(+)

*OR715_NODE_131342:3-698(+)

*OR*15_&ON7,*460728:2-880(-)

JDPPD SURWHREDFWHULXP +GN1 (:P_013263677)

DHVXOIDWLWDOHD WHSLGLSKLOD (:P_054032331)

*OR*15_&ON7,*124168:395-798�876-1995(+)

*OR*15_&ON7,*178708:3-1469(-)
*OR*15_&ON7,*171033:1-924(+)

PVHXGRUXHJHULD VS. (:P_068116800)

5KRGREDFWHUDFHDH EDFWHULXP (.PP80931)

Bri]alina sp� Nor fragment 2

*OR715_NODE_35492:140-1669(-)

*OR715_NODE_103744:91-858(-)

*OR*15_&ON7,*626363:61-729(-)

*OR*15_&ON7,*13067:1652-3043(-)

0DJQHWRYLEULR EODNHPRUHL (:P_069959535)

*OR*15_&ON7,*3420:9003-10367(-)

JDPPD SURWHREDFWHULXP +GN1 (:P_013260353)

*OR*15_&ON7,*258179:2-1003(-)

&D. 0HWK\ORPLUDELOLV R[\IHUD (&BE68939)

7KDODVVRWDOHD VS. (:P_033079223)

,JQDYLEDFWHULD EDFWHULXP (O*U27800)

*OR*15_&ON7,*194312:89-1513(+)

6XOIXURYXP VS. (.,004424)

&HFHPELD ORQDUHQVLV (:P_009184420)

*OR*15_&ON7,*1121118:3-515(-)

&ROZHOOLD FKXNFKLHQVLV (6E.88321)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071626359)

*OR*15_&ON7,*24844:1850-3220(+)
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D+A14 family

0.6

7KLRKDORPRQDV GHQLWULILFDQV (6&=63477)

*OR*15_&ON7,*191821:862-1524(+)

*OR*15_&ON7,*44240:2118-3587(+)

*OR*15_&ON7,*6692:4398-5666(-)

*OR*15_&ON7,*242108:413-1318(-)

BHUPDQHOOD PDULVUXEUL (:P_007016480)

6HGLPHQWLFROD VHOHQDWLUHGXFHQV (:P_029134436)

6KHZDQHOOD VHGLPLQLV (AB937370)

*OR715_NODE_42810:66-1529(+)

*OR*15_&ON7,*53350:2297-3322(+)�

*OR*15_&ON7,*86079:322-1854(-)

*OR*15_&ON7,*889981:2-592(+)

6KHZDQHOOD VHGLPLQLV (:P_012142297)

PODQFWRP\FHWHV EDFWHULXP (O+B80378)

*OR715_NODE_21476:107-2017(-)

6KHZDQHOOD VHGLPLQLV (:P_012142284)

*OR*15_&ON7,*203:16874-18484(+)

*OR715_NODE_100156:3-884(+)

*OR*15_&ON7,*33800:297-1913(-)

7KLRDONDOLYLEULR QLWUDWLUHGXFHQV (:P_015258543)

DHVXOIXURPRQDV VS. (:P_066727830)

*OR714_NODE_17454:101-913(-)

7KDODVVRWDOHD VS. (:P_068545517)

*OR*15_&ON7,*547994:1-792(+)

AUDELGRSVLV WKDOLDQD (O82811)

*OR*15_&ON7,*178390:639-1595(+)�

*OR715_NODE_18509:90-1958(+)

*OR*15_&ON7,*3443:2-721(+)

PVHXGRDOWHURPRQDV  (:P_010556319)

*OR*15_&ON7,*29644:3-1025(-)�

*OR715_NODE_68746:2-1045(+)

*OR*15_&ON7,*114932:874-1776(+)

*OR*15_&ON7,*13564:4997-6463(+)

*OR715_NODE_22341:76-2031(-)

*OR*15_&ON7,*313935:169-1119(-)

*OR714_NODE_7805:1-945(+)

*OR*15_&ON7,*22871:3754-5034(-)

0LFDYLEULR DHUXJLQRVDYRUXV (:P_015467200)

*OR*15_&ON7,*221528:1-1392(+)�

*OR*15_&ON7,*141588:353-1840(-)

*OR*15_&ON7,*76290:1158-2678(-)

*OR715_NODE_32601:142-1734(-)

*OR*15_&ON7,*66257:1-1234�1573-1778(+)

PVHXGRPRQDV VWXW]HUL (:P_064481401)

*LPHVLD PDULV (:P_002646568)

+DKHOOD JDQJKZHQVLV (:P_051085333)

*OR*15_&ON7,*154654:189-1319(-)�

*OR715_NODE_38558:86-1609(-)

DHVXOIXURPRQDV VS. (:P_027714570)

0DULQREDFWHULXP SURIXQGXP (:P_067298402)

*OR715_NODE_29813:225-1739(-)

*OR*15_&ON7,*133191:519-1796(-)

*OR*15_&ON7,*21729:1863-3209(-)

.RUGLLPRQDV ODFXV (:P_068303886)

*OR*15_&ON7,*18167:443-1915(+)

DHIHUULEDFWHU GHVXOIXULFDQV (:P_013008784)

*OR*15_&ON7,*141669:3-1319(+)

*OR715_NODE_28227:140-1675(+)

*OR715_NODE_23944:191-1738(-)

*OR*15_&ON7,*231400:361-1356(-)

+DKHOOD JDQJKZHQVLV (:P_020409364)

6KHZDQHOOD YLRODFHD (:P_013051968)

*OR*15_&ON7,*255403:61-1275(+)

*OR715_NODE_120542:33-752(-)

ATXLPDULQD DJDULYRUDQV (:P_010523420)

6KHZDQHOOD VS. (:P_064792117)

AVSHUJLOOXV QLGXODQV (P22152)

*OR714_NODE_3031:2-1459(+)

*OR715_NODE_72502:3-1010(-)

*OR*15_&ON7,*54561:1984-2386�2446-3134(-)�

5RVDOLQD VS. NUW (&A0PEP_0201568782)

*OR715_NODE_31700:3-1748(+)

*OR*15_&ON7,*203:18527-20128(+)

*OR*15_&ON7,*5888:10782-12263(-)

*OR*15_&ON7,*112765:266-1753(-)�

*OR*15_&ON7,*274079:1-651(+)

*OR715_NODE_102081:186-869(-)

*OR*15_&ON7,*744547:1-657(-)

*OR715_NODE_30602:218-1753(-)

0\FRSODVPD JHQLWDOLXP (449411)

*OR*15_&ON7,*83976:1933-2526(-)

*OR*15_&ON7,*13564:3017-4492(-)

PVHXGRPRQDV VWXW]HUL (:P_014821515)

*OR*15_&ON7,*6502:9872-11263(+)

*OR*15_&ON7,*388412:153-980(-)

*OR*15_&ON7,*425650:2-718(-)

*OR714_NODE_2106:91-1626(+)

DHQLWURYLEULR DFHWLSKLOXV (:P_013011339)

APPRQLD VS. ¶&DPDUJXH· NUW IUDJPHQW 2

*OR*15_&ON7,*74406:2-1054(+)

*OR*15_&ON7,*2322:19147-20751(+)

*OR*15_&ON7,*40782:1255-2859(+)

*OR*15_&ON7,*212409:3-758(+)�

*OR*15_&ON7,*181681:2-649(-)�

*OR715_NODE_101395:2-874(-)

*OR*15_&ON7,*216142:757-1416(-)

&DQGLGDWXV &RQWHQGREDFWHU (:P_034435065)

BDFLOOXV VXEWLOLV (P39843)

*OR*15_&ON7,*80510:375-855�926-2061(+)�

*OR*15_&ON7,*10197:8499-9230(-)

*OR*15_&ON7,*827950:2-616(-)

EVFKHULFKLD FROL (P10903)

*OR*15_&ON7,*10206:309-1802(+)

*OR*15_&ON7,*430585:1-918(-)

*OR*15_&ON7,*128606:2-1171(-)

*OR*15_&ON7,*148164:85-1281(+)�

*OR*15_&ON7,*469216:3-872(-)

5XILEDFWHU URVHXV (:P_066621613)

EOSKLGLXP PDUJDULWDFHXP NUW (&A0PEP_0202730370)

*OR*15_&ON7,*18856:2738-4255(-)�

*OR*15_&ON7,*30501:2-1504(+)

*OR*15_&ON7,*86617:1-933(+)

*HRWKUL[ IHUPHQWDQV (:P_026852528)

*OR*15_&ON7,*334895:3-1073(-)�

*OR*15_&ON7,*23486:3-677(+)

9LWUHOOD EUDVVLFDIRUPLV (&E007558)

*OR715_NODE_23841:140-1924(-)

*OR715_NODE_34939:13-1524(-)

*OR715_NODE_40536:94-1524(-)

PHOREDFWHU VHOHQLLJHQHV (:P_029917023)

6DFFKDURSKDJXV GHJUDGDQV (:P_011468756)

&KORUHOOD YDULDELOLV (XP_005844792)

*OR*15_&ON7,*5742:9843-11627(-)

0DORQRPRQDV UXEUD (:P_072910120)

0\FREDFWHULXP WXEHUFXORVLV (&&P44503)

*OR715_NODE_160875:1-579(-)

*HREDFWHU ORYOH\L (:P_012468296)

*OR715_NODE_84945:42-1010(+)

)ODYREDFWHULDOHV EDFWHULXP (.-604684)

+RUGHXP YXOJDUH (AA&49532)

*OR*15_&ON7,*3630:2573-4177(+)

ESVLORQSURWHREDFWHULD EDFWHULXP (:P_071628062) 

*OR715_NODE_140112:1-657(+)

*OR*15_&ON7,*23950:763-2427(+)

*OR*15_&ON7,*216574:2-1015(-)

*OR*15_&ON7,*226121:2-1348(+)

*OR715_NODE_52003:2-1381(+)

&KRQGUXV FULVSXV (XP_005716155)

PVHXGRPRQDV DHUXJLQRVD (:P_043093244)

BXOLPLQD PDUJLQDWD IUDJPHQW

*OR*15_&ON7,*386225:2-982(+)

*OR*15_&ON7,*290582:1-1173(+)

*OR*15_&ON7,*124466:632-1912(-)

*OR*15_&ON7,*375699:315-1001(+)

DHOWDSURWHREDFWHULD EDFWHULXP (O*407066)

*OR715_NODE_4272:1872-3539(+)

*OR*15_&ON7,*368287:3-1013(-)

NHSWXQLLEDFWHU FDHVDULHQVLV (:P_007022597)

*OR714_NODE_17123:113-922(-)

*OR*15_&ON7,*73541:1375-2739(+)

*OR*15_&ON7,*54561:2358-3134(-)�

*OR*15_&ON7,*368222:1-1011(+)

*OR*15_&ON7,*6322:8309-10105(+)

&ROZHOOLD VS. (:P_058026953)

*OR*15_&ON7,*431424:1-600(+)

*OR715_NODE_29672:63-1625(+)

6RULWHV VS. NUW (&A0PEP_0114658376)

*OR*15_&ON7,*320572:3-1103(+)

6XOIXULPRQDV JRWODQGLFD (:P_008339934)

*OR*15_&ON7,*23226:2856-4130(-)

PKDHREDFWHU VS. (:P_058335584)

*OR*15_&ON7,*318841:178-1107(-)

PVHXGRPRQDV DHUXJLQRVD (:P_052188854)

*OR*15_&ON7,*3630:16064-17539(-)

*OR*15_&ON7,*19176:4081-5547(+)

*OR715_NODE_33981:187-1662(-)

*OR714_NODE_11022:1-849(+)

*OR715_NODE_42351:85-1539(-)

APPRQLD VS. ¶NRUWK 6HD¶ NUW (&A0PEP_0197046718)

7KDODVVRWDOHD VS. (:P_033076791)

0LFURPRQDV FRPPRGD (XP_002505390)

*OR715_NODE_28287:92-1759(+)

*OR715_NODE_19154:283-2169(-)

*OR*15_&ON7,*502445:2-835(-)�

6DOHJHQWLEDFWHU VS. (:P_075324701)

*OR*15_&ON7,*52231:3-908(-)

NHSWXQRPRQDV DQWDUFWLFD (:P_054340709)

*OR715_NODE_33972:36-1502(+)

BDFLOOXV QLDFLQL (:P_045521209)
BDFLOOXV PDQQDQLO\WLFXV (:P_025026409) 

0LFUREXOELIHU YDULDELOLV (:P_020413728)

DHOWDSURWHREDFWHULD EDFWHULXP (O*416761)

*OR715_NODE_28560:115-1833(-)

+RUGHXP YXOJDUH (AA&49531)

*OR*15_&ON7,*57108:2-628(-)

AUDELGRSVLV WKDOLDQD (49)-+8)

*OR*15_&ON7,*256222:463-1272(+)

+DORPRQDV HORQJDWD (:P_069384109)

*OR*15_&ON7,*583353:1-762(+)

*OR*15_&ON7,*76290:1-1095(-)

*OR*15_&ON7,*13564:1151-2850�3220-4375(-)

&KODP\GRPRQDV UHLQKDUGWLL (439608)

*OR715_NODE_24331:153-1964(-)

*OR*15_&ON7,*340858:215-1063(-)

*OR*15_&ON7,*6322:10169-11767(+)

*OR*15_&ON7,*213882:650-1423(+)

*OR*15_&ON7,*81845:944-2566(-)

*OR*15_&ON7,*405145:1-954(+)

*OR*15_&ON7,*535587:1-801(-)

*OR715_NODE_13635:3-1904(+)

*OR715_NODE_33196:219-1721(-)

*OR*15_&ON7,*429069:1-921(+)

*OR715_NODE_46614:152-1465(-)

*OR*15_&ON7,*744449:3-656(-)

BDFWHURLGHWHV EDFWHULXP (O)X53346)

*OR*15_&ON7,*5742:11664-13295(-)

*OR*15_&ON7,*23791:791-2260(-)

*OR714_NODE_9340:2-949(+)

*OR*15_&ON7,*471:54001-55506(+)

PDUDJODFLHFROD PHVRSKLOD (:P_006992558)

PHUVLFREDFWHU VS. (:P_060689911)

*OR715_NODE_26150:178-1905(-)

*OR*15_&ON7,*592723:29-754(-)

*OR715_NODE_38722:82-1605(-)

*OR714_NODE_3023:99-1469(-)

*OR*15_&ON7,*2270:21768-23234(-)

*OR*15_&ON7,*154654:189-1258�1458-1635(-)�

*OR*15_&ON7,*35271:2019-2326�2400-3288�3348-3393�3455-3592�3731-3812�3877-3925(-)�

6KHZDQHOOD VS. (:P_064792125)

PVHXGRYLEULR VS. (:P_008548568)

+\SKRPRQDV RFHDQLWLV (:P_035541076)

*OR714_NODE_3622:151-1605(-)

*OR*15_&ON7,*217586:3-1205(-)

*HRSV\FKUREDFWHU HOHFWURGLSKLOXV (:P_020677689)

9LEULR  (:P_010428993)

*OR715_NODE_142774:3-647(+)

*OR714_NODE_26867:1-591(+)

*OR*15_&ON7,*2102:10548-11876(+)

&KORUHOOD VRURNLQLDQD (AA.02066)

AUFREDFWHU VS. (:P_072679746)

OOHLVSLUD DQWDUFWLFD (:P_046009006)

*OR*15_&ON7,*18047:3461-4720(-)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_033092581)

*OR*15_&ON7,*2102:2611-3805�3991-7667(+)

*OR*15_&ON7,*74406:1543-2718(+)

*OR*15_&ON7,*96225:1089-2327(-)

&\WRSKDJD DXUDQWLDFD (:P_018342756)

*OR*15_&ON7,*715877:1-672(-)

BDFLOOXV VXEWLOLV (P46907)

*OR715_NODE_83400:129-1022(+)

*OR*15_&ON7,*408704:329-949(+)

AQDHUREDFLOOXV DUVHQLFLVHOHQDWLV (:P_071313334)

*OR*15_&ON7,*457501:2-883(-)

*OR*15_&ON7,*6502:8409-9806(+)

*OR*15_&ON7,*381348:3-992(-)

5RVHREDFWHU VS. (:P_008208089)

*DPPDSURWHREDFWHULD EDFWHULXP (O*778878)

*OR*15_&ON7,*110211:243-1504�1578-2146(-)�

*OR715_NODE_73007:1-1125(+)

*OR*15_&ON7,*220207:1-606(+)

&DQGLGDWXV 7KLRGLD]RWURSKD (:P_069126666)

JDPPD SURWHREDFWHULXP (E**99019)

*OR*15_&ON7,*936415:3-572(-)

*OR*15_&ON7,*758:34121-35611(-)

*OR715_NODE_31295:222-1697(-)

AHVWXDULLEDFWHU VDOH[LJHQV (:P_026375765)

AUVHQLFLEDFWHU URVHQLL (:P_071501762)

PV\FKURPRQDV DTXLPDULQD (:P_028865745)

OJDWDHD DQJXVWD (&AA93631)

*OR*15_&ON7,*2322:17547-19082(+)

*OR*15_&ON7,*19398:3701-5170(-)

*OR*15_&ON7,*5061:12872-14353(-)

*OR715_NODE_26428:2-1627(+)

*OR*15_&ON7,*328150:3-1088(-)

*OR*15_&ON7,*46540:3-1055(-)

*OR715_NODE_94079:2-913(-)

*OR*15_&ON7,*84126:384-1664(-)

*OR*15_&ON7,*156183:1181-1732(-)

)ODYREDFWHULXP VS. (:P_045971614)

*OR*15_&ON7,*758:38495-40111(+)

PVHXGRYLEULR VS. (:P_014283618)

*HRSV\FKUREDFWHU HOHFWURGLSKLOXV (:P_020677688)

*OR*15_&ON7,*698259:104-682(+)

.RUGLLPRQDV ODFXV (:P_068303883)

NRQLRQHOO LQD VS. NUW IUDJPHQW 1

*OR*15_&ON7,*144227:2-1405(+)

*OR714_NODE_28140:2-709(-)

*OR*15_&ON7,*64973:841-1785(-)�

BHWDSURWHREDFWHULD EDFWHULXP (O*A42675)

*OR715_NODE_28873:99-1745(-)

*OR*15_&ON7,*21729:179-1798(-)

*OR*15_&ON7,*368490:30-1013(-)

*OR*15_&ON7,*364:21097-22377(+)

*OR714_NODE_3525:2-1453(+)

7KDODVVLRVLUD SVHXGRQDQD (XP_002287398)

*OR*15_&ON7,*18136:3440-4909(-)

*OR715_NODE_23557:238-1941(-)

*OR*15_&ON7,*4233:4915-6381(+)

*OR715_NODE_31701:427-1755(-)

*OR715_NODE_26187:297-1829(-)

BDFLOOXV VXEWLOLV (P42432)

*OR*15_&ON7,*157834:3-1193(+)

*OR714_NODE_30864:1-513(+)

)XOYLYLUJD LPWHFKHQVLV (E/569981)

AOJRULSKDJXV DONDOLSKLOXV (6DA48411)

6KHZDQHOOD VHGLPLQLV (:P_012142308)

PVHXGRPRQDV MLQMXHQVLV (6DO18182)

*OR715_NODE_83972:2-994(-)

OPQLWURSKLFD EDFWHULXP (.X.31710)

OVHGD[ V\PELRQW (EP-48262)

5RVHREDFWHU VS. (:P_008208088)
*OR*15_&ON7,*166640:2-736(-)

*OR715_NODE_11517:106-1749(-)

*OR715_NODE_2909:164-1987(-)

/XQDWLPRQDV ORQDUHQVLV (:P_010856706)

*OR*15_&ON7,*520401:1-672(-)

ATXLPDULQD ODWHUFXOD (:P_027394077)

*OR714_NODE_14209:3-749(+)

*OR715_NODE_9598:1186-2721(-)

*OR*15_&ON7,*831894:1-561(-)

*OR715_NODE_77828:3-989(-)

*OR715_NODE_38189:2-1477(+)

*OR*15_&ON7,*173365:2-1012(+)

*OR715_NODE_34005:55-1569(+)

*OR715_NODE_18439:356-2206(-)

BDFLOOXV VXEWLOLV (P42237)

*OR715_NODE_25113:331-1752(+)

*OR715_NODE_31986:113-1594(+)

*OR*15_&ON7,*40782:2-1222(+)

*OR715_NODE_19057:1-1659(+)

*OR*15_&ON7,*174139:2-829(+)

*OR*15_&ON7,*811199:1-624(+)

NRQLRQHOO LQD VS. NUW IUDJPHQW 2

6HODJLQHOOD PRHOOHQGRUIILL (XP_002978307)

*OR*15_&ON7,*595396:1-753(-)

*OR*15_&ON7,*487666:46-849(-)

*OR*15_&ON7,*40418:1167-2693(+)

OOHLSKLOXV VS. (:P_068764589)

)ODYREDFWHULDOHV EDFWHULXP (.-604685)

)OH[LWKUL[ GRURWKHDH (:P_020533583)

6KHZDQHOOD KDOLID[HQVLV (:P_012275309)

*OR*15_&ON7,*14343:1-495(-)

6HGLPHQWLFROD WKLRWDXULQL (A.+20001)

DHVXOIXURPRQDV VS. (:P_027714569)

*OR714_NODE_14505:146-994(-)

*OR715_NODE_106307:2-841(-)

6KHZDQHOOD  (:P_055024379)

PKRWREDFWHULXP SURIXQGXP (:P_006233100)

*OR715_NODE_5255:1343-3193(+)

*OR*15_&ON7,*94054:3-656(-)

PVHXGRPRQDV SRKDQJHQVLV (6DU39325)

*OR715_NODE_83113:3-920(+)

PVHXGRDOWHURPRQDV VS. (:P_058549749)

*OR*15_&ON7,*643273:52-718(+)

*OR*15_&ON7,*87:97726-99201(-)

*OR715_NODE_32785:56-1636(+)

PVHXGRPRQDV VWXW]HUL (:P_015276772)

*OR*15_&ON7,*287158:40-1182(-)

*OR*15_&ON7,*113943:2-1348(-)

0\FREDFWHULXP WXEHUFXORVLV (&&P45116)

*OR714_NODE_13427:165-1025(-)

*OR*15_&ON7,*391135:2-835(-)

6DOLQLPLFURELXP WHUUDH (:P_029035664)

JDPPD SURWHREDFWHULXP (:P_008283611)

*OR715_NODE_17238:3-1835(+)

*OR*15_&ON7,*491325:3-845(+)

*OR*15_&ON7,*360280:125-1027(-)

&ROZHOOLD VS. (:P_070374708)

PVHXGRPRQDV VWXW]HUL (:P_041103696)

*OR715_NODE_22083:54-1718(+)

0DORQRPRQDV UXEUD (:P_072910130)

*OR715_NODE_78724:3-1043(+)

*OR*15_&ON7,*2102:2611-3930(+)

/HSWRVSLUD ELIOH[D (AB=95168)

.DQJLHOOD NRUHHQVLV (:P_012801271)

*OR714_NODE_1351:86-1603(+)

*OR715_NODE_24400:635-1960(+)

.RUGLLPRQDV ODFXV (:P_068303881) 

OOHLSKLOXV VS. (:P_068641418)

&ROZHOOLD SV\FKUHU\WKUDHD (:P_011045669)

*OR*15_&ON7,*288023:1-1179(-)

APPRQLD VS. ¶&DPDUJXH· NUW IUDJPHQW 1

BDFWHURLGHWHV EDFWHULXP (O)X17778)

DHOWDSURWHREDFWHULD EDFWHULXP (O*426345)

*OR*15_&ON7,*715728:1-672(-)

*OR*15_&ON7,*213631:734-1300(-)

*OR715_NODE_24729:89-1891(-)

*OR714_NODE_1744:805-1932(-)

*OR714_NODE_14892:180-983(-)

PHOREDFWHU VHOHQLLJHQHV (:P_029917022)

6DOPRQHOOD HQWHULFD (P37593)

.RUGLLPRQDV OLSRO\WLFD (:P_068151378)

.RUGLLPRQDV OLSRO\WLFD (:P_068151373)

*OR*15_&ON7,*269109:345-1232(+)

*OR*15_&ON7,*631448:2-724(-)

*OR*15_&ON7,*452116:1-891(+)

*OR*15_&ON7,*217165:2-958(-)

*OR*15_&ON7,*33800:1910-3403(-)

*OR714_NODE_10057:2-1012(+)

*OR*15_&ON7,*96225:1-1005(-)

*OR*15_&ON7,*144974:89-1651(-)�

*OR*15_&ON7,*758:37082-38359(+)

*OR*15_&ON7,*31802:3028-4497(+)

*OR715_NODE_33952:97-1704(-)

+DKHOOD FKHMXHQVLV (:P_011397784)

*OR*15_&ON7,*1261694:2-481(+)

P\URSLD \H]RHQVLV (BA*70346)

)XOYLYLUJD LPWHFKHQVLV (:P_009579668)

*OR715_NODE_43111:80-1507(-)

6\PELRGLQLXP PLFURDGULDWLFXP (O/P97657)

*OR*15_&ON7,*736:25758-26972(+)

*OR*15_&ON7,*130328:1-675(-)

*OR*15_&ON7,*249688:2-1123(-)

*OR*15_&ON7,*1039253:2-538(+)�

PVHXGRDOWHURPRQDV  (:P_004587746)

*OR*15_&ON7,*1066546:1-504(-)

*OR*15_&ON7,*218593:343-1404(-)

*OR*15_&ON7,*136921:3-1115(-)

*OR*15_&ON7,*714970:3-674(-)

*OR*15_&ON7,*417499:3-935(+)

APPRQLD VS. ¶&DPDUJXH· NUW IUDJPHQW 3

*OR*15_&ON7,*497178:3-839(+)

*OR*15_&ON7,*56539:639-2243(-)

*OR714_NODE_7468:304-1281(-)

5KL]RELDOHV EDFWHULXP (:P_037020277)

EVFKHULFKLD FROL (P37758)

*OR*15_&ON7,*35271:2338-3285(-)�

PHODJLEDFWHUDFHDH EDFWHULXP (:P_069304869)

*OR*15_&ON7,*524167:210-812(+)

*OR*15_&ON7,*368013:3-1013(-)

.DQJLHOOD NRUHHQVLV (:P_012801272)

7KDODVVRVSLUD OXFHQWHQVLV (:P_028791421)

*OR715_NODE_52630:145-1371(-)

*OR715_NODE_106370:2-739(+)

*OR*15_&ON7,*375275:3-1001(-)

*OR*15_&ON7,*370085:2-937(+)
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