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ABSTRACT: All known genomes (N=10) in the order Mtrosomonadaleswere analyzed to contain 9,808 and 908 gene clusters in their pan-
genome and core genome, respectively. Analyses with reference genomes belonging to other orders in Betaproteobacteria revealed that
sizes of pan-genome and core genome were dependent on the number of genomes compared and the differences of genomes within a
group. The sizes of pan-genomes of the genera Nitrosomonas and Nitrosospira were 7,180 and 4,586 and core genomes, 1,092 and 1,600,
respectively, which implied that similarity of genomes in Aitrosospira were higher than Nitrosomonas. The genomes of Mitrosomonas
contributed mostly to the size of the pan-genome and core genomes of Nitrosomonadales. COG analysis of gene clusters showed that the J
(translation, ribosomal structure and biogenesis) category occupied the biggest proportions (9.7-21.0%) among COG categories in core
genomes and its proportion increased in the group which genetic distances among members were high. The unclassified category (-}
occupied very high proportions (34-51%) in pan-genomes. Ninety seven gene clusters existed only in Mitrosomonadalesand not in reference
genomes. The gene clusters contained ammonia monooxygenase (amod and amoB) and -related genes (amof and amol) which were
typical genes characterizing the order Mtrosomonadales while they contained significant amount (16-45%) of unclassified genes. Thus,
these exclusively-conserved gene clusters might play an important role to reveal genetic specificity of the order Mtrosomonadales.
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2011). 16S rRNA A&} A EA4-2 55} Nitrosomondales
o] A ek Qkalo] BAIEIg o olo] kel 7874 7|
E0 2 U= Ao 2 & lchi(Purkhold ef al., 2003).

#1578 A (pan-genome) 2 AL 017 ABEA ]
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AR5 BE AWAS Dol Zolekn o 4 3l
(Vernikos et al., 2015). 38 4]-8-Z1 #|(core genome)+= T+ H-7] -
vjo] mE g7t Eel ol $A 5] HRkeR 12
o] 71 7R )53 8BRS VAR A2
o] Fo]#] ¢t Tettelin ef al., 2005). F-7}-5-7 A|(dispensable
genome)©] 7ol 7571 o] H ko] 345
L §ASe) Bg 0% Paro] iz ghot AeiH o
o b ol akeld AR S ok B Btek T Gl &
55 UEHTH(Medini ef al., 2005). -4, 34524, 5
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Y ) 11 Q) Th(http://www.genomesonlines.org). Nitrosomondales
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1072] 217 A& o4 2= 3.
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Nitrosomonadales 2-o] &3t= 10719 844 A gt
Betaproteobacteria®] ThE Eo £3}= 67112 A E-& NCBI

FTP (fip://fip.ncbi.nih.gov/genome/Bacteria) o] A 4% 510 H

GAA] A of] AR5} T ZF2E2] RefSeq assembly accession

&3 el Al Als1d Al4%

number+= GCF_001007935.1 (Nm. communis Nm2), GCF_
000620405.1 (Nm. cryotolerans ATCC 49181), GCF_00000
9145.1 (Nm. europaea ATCC 19718), GCF _000014765.1
(Nm. eutropha C91), GCF_000175095.2 (Nm. sp. AL212),
GCF_000219585.1 (Nm. sp. Is79A3), GCF_000619905.2 (Ns.
briensis C-128), GCF_000196355.1 (Ns. multiformis ATCC
25196"), GCF_000832065.1 (Ns. sp. NpAV), GCF_000355765.1
(Ns. sp. APG3)9| 31t} Betaproteobacteria U 2 thE Bof| &
S}l Nitrosomonadales2}; 7V 71 7-8- w5 5 - AA| A2 <]
FAo] Eal A9 A7|7F vt H 5 FAAER F6
Ne dFx2atoz AAslnh =2t 671 A9a GCF_
000297055.2 (Sulfuricella denitrificans skB26), GCF_0000
26125.1 (Herminiimonas arsenicoxydans ULPAsl), GCF_
000013625.1 (Janthinobacterium sp. Marseille), GCF_0000
25705.1 (Sideroxydans lithotrophicus ES-1T), GCF_000
429665.1 (Azovibrio restrictus DSM 23866), GCF_000478565.1
(Methyloversatilis universalis Fam500) 2} ZFCH(Table 1). 0] &
2 Nitrosomonas europaea ATCC 197182} 89-90% 7 &=2]
16S rRNA 22} &/d & H it

R Hlw

PGAP (pan-genomes analysis pipeline) ver 1.125 A-8-3}
o] W QA BA-S 228)8F1THZhao et al., 2012). GF (gene
family) ®}4]-2- 5-35}9] ortholog clusters & A A3} o0 L7
T A A|EEH= 7] =G (E-value: 1e-10, score: 40, identity:
0.5, coverage: 0.5)5 AF8-3} tHZhao et al., 2012). 712491
B2 Rproject (http://www.R-project.org)2} python(http://

www.python.org)S o|-&3}o] EA31% Tt

HE 2

165 FRNA 2141 217ke] $2710] 9 AL 23510
0] 83} th MEGA6 X7 1131-8 0]-8-3}¢ neighbor joining
treeS L% CHTamura e al., 2013). 7] 2] 3§ H(distance matrix)
= 8171 $Jsko] Kimura 2 parameter 52 ]85kt
(Kimura, 1980). 16S rRNA G+ A-& | 25}7] Y3t g
Z=NC 002696 (Caulobacter crescentus CB15)2 ©]-8-3}%
o} & AR =5 0] 83 Al'F==PGAP ver 1.125 9]
835}o] 2143} tH(Zhao et al., 2012).

chal R o] 8z oFx e} T ¥ A K= EMBL-EBI (Squizzato
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Table 1. Genome sequences used in this study

1D Strain Order Assembly Accn*  Chr* Pla* Con* Size (bps) GC (%)
Nmcom?2 Nitrosomonas communis Nm2 Nitrosomonadales GCF_001007935.1 1 0 1 4,067,838 44.7
Nmecer49 Nitrosomonas cryotolerans ATCC 49181 Nitrosomonadales GCF_000620405.1 ND* ND 91 2,767,948 43.5
Nmeul9 Nitrosomonas europaea ATCC 19718 Nitrosomonadales GCF_000009145.1 1 0 1 2,812,094 50.7
Nmeu9l Nitrosomonas eutropha C91 Nitrosomonadales GCF_000014765.1 1 2 3 2,781,824 48.5
Nmsp21 Nitrosomonas sp. AL212 Nitrosomonadales GCF_000175095.2 1 2 3 3,337,023 44.8
Nmsp79 Nitrosomonas sp. IST9A3 Nitrosomonadales GCF_000219585.1 1 0 1 3,783,444 45.4
Nsbrl2 Nitrosospira briensis C-128 Nitrosomonadales GCF_000619905.2 1 0 1 3,187,395 533
Nsmu25 Nitrosospira multiformis ATCC 251 9" Nitrosomonadales GCF_000196355.1 1 3 4 3,234,309 53.9
NsspAV Nitrosospira sp. NpAV Nitrosomonadales GCF_000832065.1 1 0 317 3,450,004 53.1
NsspG3 Nitrosospira sp. APG3 Nitrosomonadales GCF_000355765.1 ND ND 84 3,107,181 53.6
Sude26 Sulfuricella denitrificans skB26 Sulfuricellales GCF_000297055.2 1 1 2 3217213 56.1
Hearsl Herminiimonas arsenicoxydans ULPAs] Burkholderiales GCF_000026125.1 1 0 1 3,424,307 54.3
JaspMa Janthinobacterium sp. Marseille Burkholderiales GCF_000013625.1 1 0 1 4,110,251 54.2
SiliS1 Sideroxydans lithotrophicus ES-1T Gallionellales GCF_000025705.1 1 0 1 3,003,656 57.5
Azre23 Azovibrio restrictus DSM 23866 Rhodocyclales GCF_000429665.1 ND ND 56 4,025,691 65.4
Meun50 Methyloversatilis universalis Fam500 Unclassified GCF_000478565.1 1 0 1 4,023,710 67.0

* Accn, accession number; Chr, number of chromosomes; Pla, number of plasmids; Con, number of contigs; ND, not determined.

et al.,2015), InterPro (Mitchell et al., 2015), UniProt (Apweiler
et al., 2004)0]| A 7 Ms}o] a5t

Zn} o D3

S0l AR A
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Fig. 1. Number of gene clusters with pamgenome (the upper plot) and core-
genome (the lower plot) vs number of genomes compared according to
group. A spot indicates a mean value of number of gene clusters at given
number of genomes. Nd, Nitrosomonadales group; Nm, Nitrosomonas
group; Ns, Nitrosospira group; Refs, reference group; Total, total genomes.
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of ko] k=t ‘ﬂlﬂﬂ ChFig. 1). Ns 2] 7-f-oll= 734 A &) =9l 47l ol A W VS B AT ARl WlalE
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AU BAY0l 42 502 B 2 ek EENMANGS  Svepromycess] AR 17 2] el 3459271
T8 =7} B8] Wl AL B | Nitrosomonadales 22] FAA 0] 2715 sk tHKim et al., 2015). o]= 2
L5 A S H R A1) 271 2 Nirosomonas &l &4 W Wm0 1 G155 25 Ol 22 40
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=2z JehRefs) Q] 7 o)l= HeHA Q] 27 & w717} Nitrosomonadales 53} 71 ¥ o152 44| 271 9] to]
AUHE R 2 4 Qo] UG AN FAE AP e 3.4 Mbelt] vsle] ul i Sirepromyces 4] B 8.9 Mb
Qoluhal 7 ghe ThA W AL B 4 919 = 294 9 27 wjgolrt.
Fig. 15 5 ulash e 50419] Aol wheba] 80
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W= Aol vlAlsicha & 4= Q) H o X 2N .
aohz Aol vk € 5 A £ ATANZHEA o) o5 o180 ABS B4 S ATHFig 2. F A
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Fig. 2. Neighbor joining tree based on 16S rRNA genes. (A) The bar indicates distance of 16S rRNA genes. (B) Neighbor-joining tree based on absence and
presence of gene clusters in each strain from pan-genome profiles. The bar indicates difference of gene cluster numbers.
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B4-0] ez of = A AA]ak= AL 2 4= ALk Ninoso-
spira®] 739-0ll= & AleS ROl A ZABA A Q= @A
E 2] B.7]5{monophyletic clade)& o] F= A& B 4= 9J it
Nitrosomonas 2 73 -9-0l = Nm. communis} Nm. cryotolerans
o] 1317} ATl A 234 oIzt = AL 2 5 912

B oA R AT B B0 e B
HojFqa 9)\21’} 16S rRNA §-AA}9] AE2] bootstrap
value7} S-& 215 m] o] Kol #1582 912 7F =A%) 947
wlEel Ao ARE FEFAAI] 5 ol4T A 2
MO A= Ns©] S0tz ) 7p7ke: TA] 9100 Refse]
9ol A o] oAl 5kl AL BheIT 4 9

2]
Atk

TR E2HAEC| 7[SH H|w

PGAP Z & 13(Zhao et al., 2012)2 E35}0] COGs (Tatusov
etal., 1997)¢} o] = AR SR AEHES 71
ARk ZA e A, o] S0 EAfSHEA), BE §70
Rlol] ZA 51 2o ek Eo(specific), 57Hdispensable),
a4 (core) § AR S AE R UGk Sl G AR 2o
Bl A9 A A 2 T Ado] 9dow 31l Hyl Eo| 8 A%}
Sl 28 0] g2 Aok el o] 7] wEo] 34143
2} 2| 2E|9} A §707) 228 2] o)A Zk2Ee] COG H
F7F AR 182 A HGkTHFig. 3). ©)F Fatol Ay
A2 /A o A 2H2Ee] 7] 5ol S8k A S

Bl 59| H| &2 v astn, ool ke o FA Eeba] A A

5% 4 9l
31 §41410] -9 COG W0] ul.go] ko] upeh gety]
2B 4 Qlok AAH 08 TP B vl-S X5 g

J (translation, ribosomal structure and biogenesis) 2] 73
o 3707 chep ol obi-5 1 v 2] 2 Bk A
o E 2= 9lom o] S - A o Ao] =2 AL oju]atthFig
3A). E (amino acid transport and metabohsm), F (nucleotide
transport and metabolism), L (replication, recombination and
repair) 52] 9o A 0.2 vlokshAIT g e 1
o)1 it whHof “=” (unclassified) 2] 78-$-of = Wit o] 3=
wolw] ol Lt A &L A0 00 ke AL B
4= QJt}. S (function unknown), R (general function prediction
only), P (inorganic ion transport and metabolism) 2] 73-9-of &=
7 EahA Rl vl Aol ek 9l
Zvlo];q E.tﬂ— o Z—]X]-‘: el i‘o‘lo a1 Q) A= 7—] L] F](j]z}»?___]—_/‘: 9\}\]:]—
A FE2EE Fle] ]2 COG WA
of uet 7 82 Fak O ol MRS FHT: §

gH50= oy

6111/1{:}’ T7]— EO]

A
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.2 Nm
=
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L
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Fig. 3. Proportion of genes in each category for(A) core genes and (B) sum
of core, dispensable, and specific genes according to group: -, Unclassified;
A, RNA processing and modification; B, Chromatin structure and
dynamics; C, Energy production and conversion; D, Cell cycle control, cell
division, chromosome partitioning; E, Amino acid transport and meta-
bolism; F, Nucleotide transport and metabolism; G, Carbohydrate transport
and metabolism; H, Coenzyme transport and metabolism; I, Lipid trans-
port and metabolism; J, Translation, ribosomal structure and biogenesis;
K, Transcription; L, Replication, recombination and repair; M, Cell wall/
membrane/envelope biogenesis; N, Cell motility; O, Posttranslational
modification, protein turnover, chaperones; P, Inorganic ion transport and
metabolism; Q, Secondary metabolites biosynthesis, transport and cata-
bolism; R, General function prediction only; S, Function unknown; T,
Signal transduction mechanisms; U, Intracellular trafficking, secretion,
and vesicular transport; V, Defense mechanisms; W, Extracellular
structures; Y, Nuclear structure; Z, Cytoskeleton. For figure B, the number
of gene clusters in the unclassified (-) category was not included in
proportion calculation.

AR 22| 2EEA COG =9 vl&-5 on|3i}. 71 Ax}
“= (unclassified) Y37} 34-51%2 2} 6}11] H-g- A o A
0:13'1—9_ ].

=

m o= 74 & B EE o] Q7] uﬂ%ﬁ}ﬂ@# 2l
WP R 5% njgko g MHOPL
“ W ZEake A 9)3lal thE WS ol AT A ¢l v e-S
rato] e Ul ohqmg 3B). Ns@}Nm-S v g 2
3} 9ukA © 2 Nsoj| A C, E, F, H, I, J, M 52] 0] &0] =0,
Nmoj|A4&= K (transcription), P (inorganic ion transport and

metabolism), T (signal transduction mechanisms)2} V (defense
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mechanisms) M=ol A B]&0] ] 2 Z& & o Q). Rt = oJm|gith
HOo g NsolA =2 HE&S 7H AE2 714221 house Nitrosomonadales || A 3t= G234} 5 583 2]
keeping 53} T H HESo|H, Nmof|lA] &2 vl&5 7t E A4S A )51 thTable 2). Ammonia monooxygenase -G-3

A AEL YAy dE HEESo|t)h o= Nitrosomonas
o] A-oll= & o ohdt tiA S Zebshal Qe A
OJu| 3}, o] gt x}o|= Nitrosospira®} Nitrosomonas )| 3%
Q1 AAke A ol 4babeta i Tatat @fof] EA 5= A El
s = A2l H Aol 2 onjet 4 olrt.

Nm (N=6) Ns (N=4)

388
()

\/

83 (58)

620 (209)

Nitrosomonadales®| Z2 [ZIXt

Fig. 4= Z}z}o] Acko] 100% =45 8- 4R S| AE 9
7H/\E H]J_I_O]"——Venn dlagra_[nO]]:]- k" Z]T;]—oﬂ E XH?‘)‘]_}‘;:‘_
A geamel A B R4S Apel 21t 2o

& B 2= 9]t} 0] Ns, Nm, NdojJ gl 24 5H= -4} 2

AE[= 7121209, 47, 977l o]t 0] 5 2 - (unclassified) B3] Refs (N=6)

&5)= 7 o] 712445, 28, 16%S A} A| 5= Ao 2 FelE] Qi) Fig. 4. Venn diagram showing distribution of gene clusters which existed

o)L= Z}zto] ZolL} Hojul Eo] & o & EAY 5}t o} 2] 717 in the all n?em.bels of each group. The numbers 47,.209, anq 97 ?n
parentheses indicate that the number of gene clusters exist exclusively in

I EAo] A& v X A] -2 AE0] Wol &Agttt= A Nm, Ns, and Nd group, respectively.

Table 2. Important gene clusters in the order Nitrosomonadales

Cluster COG
Gene Description Remark Protein id* COG no
ID category
1142 amoA ammonia monooxygenase first enzyme from ammonia to nitrite WP_041357108 - -
1179 amoB ammonia monooxygenase first enzyme from ammonia to nitrite WP_011111552 - -
. first enzyme from ammonia to nitrite
17 amoC ammonia monooxygenase WP_011111979 - -

not found in NsspG3

. . conserved in betaproteobacterial ammonia
25 amoE (orf4) hypothetical protein . . WP 011111551 - -
oxidizing bacteria

. . conserved in betaproteobacterial ammonia
762 amoD (orf5) hypothetical protein . . WP_011111550 - -
oxidizing bacteria

1060 hao hydroxylamine reductase not found in NsspG3 WP_011111571 COG3303 P

involved in ammonia oxidation, cyctochrome
1239 cyed cytochrome C554 . WP_011111569 - -
¢554, not found in NsspG3 and Nmcr49

bable tetrah tochrome, not found i
1090 eveB cytochrome C probabre fefralieme eyIoehirome, N IOWnTI \wp 011111568 COG3005 €
NsspG3 and Nmcr49

1228 haoB hypothetical protein not found in NsspG3, Nmcr49 WP_011111570 - -

ammonium transporter, found in 7

1567 amt ammonium transporter . WP_011111083 COG0004 P
Nitrosomonadales members -
. ammonium transporter, found in all Refs
1897 amt ammonium transporter . ) WP 009204881 COG0004 P
members, not in Nitrosomonadales members -
47 cbbL ribulose bisphosphate carboxylase = Rubisco large subunit WP_011112458 COG1850 G
77 cbbE ribulose-phosphate 3-epimerase found in all strains WP_011112648 COGO0036 G
1195 cbbS ribulose bisphosphate carboxylase  Rubisco small subunit WP 011112457 COG4451 G

* Protein id, representative protein id found in Nitrosomonas europaea ATCC 19718 or Sulfuricella denitrificans skB26.
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ARz kU oFE o HALS 2 M THo A R B R AL
Bl §A8 OHES o] 21 QtHArp efal., 2002). 3712] &
AR T4 amoCAB 5| 2& 43 ool = ] A
719 BARES 7R Q= Ao BAEQItKStein er al.,
2007; Bollmann et al., 2013). amoA, amoB, amoC, A| 7]12] &
A} 5 QR o} AFsh| o] B4 o] 3 o A ) 527
2 B B Xo|| A Nitrosomonadales E-ol|3t v E}2] 0 2 2|5}
ATt amoA 2} amoB= W= Nitrosomonadales 2] 5713 o]
ZA 8 amoC2) 790l i= Ns. sp. APG3 0| At whA =] %] ¢F
SF. ol o] R A} 837)2] ARzt R ol zo]A et
F F2o] Q7] Wizl Ao = Helth HA| = amoA 2t amoB
£ 6,400 bp Zo]o] MARZI H=0 2 A8kl amoC7}
Slofok 8 1 oF e AAEo] gl AL RISk
amoCAB 2.#|& otefjoll = 7 712 742} amoE (orf4)2t
amoD (orf3)+= Betaproteobacteria 95U o} AFSHA| o Tt &
0|7 o7 ZA|l= A o &2 Ul A] ti(Stein et al., 2007). £
Ao A e T f-H A= BE Nitrosomonadales =-2] 5-X A
oA WA= I o A= A=A gkorth
SAbstoral AFslehd & Ax(hydroxylamine  oxidoreductase)
= YEYo Bl o A 7 WA Bag ibslobl S op Al
0 2 v = 988 S Arp ef al., 2002). Betaproteobacteria
QFI Lo} ALBIAE & Al ] hao 9 HE-L 74431 9100
octaheme cyctochrome ¢ 42 AT (subunit) & 45 35}
= haoAft Ge|A|A] ¢k AR AHES AAFSt= haoB,
cytochrome ¢554 2] cycA, cytochrome cm552 2] cycB= 0]F-0]
Z] QUTHEI Sheikh et al., 2008). ©] = hao 2] 73-9-0fl-= Ns. sp.
APG3 o) A gk BFA 7] okobeh. T12] 1 haoB, cyed, cyeB) 7
Q-of|&= Ns. sp. APG3 2} 4| Nm. cryotolerans ATCC 49181
AN A A FUTE Ns. sp. APG32} HIREZEA| = Nim.
cryotolerans ATCC 491812] 2ol = GAA 7} 917]2] A
Q27102 0] 20| A 900 haod7F EAYSHE 7} 44 kb
7] Hexzke) 71 uh ekl Ao 2 ) §0] Aol
grets] Qlojx)x] eres] wlEole} g 4 9lck Ammonium
transporter= SHEUo}E F31H 02 o] §317] SlaH B
3t S A x}fo|t), Tu|EA = 22} Nitrosomonadales Z(N=7)
I zto] ol e g EA5k= + F7 9 ammonium trans-
porter £ 417} 2|2 E17} AR o, o] h o} 415} 4]
0] 290 the 3 ohe B3 ol o) 5L 7}
A2 Q)& 753 E 9]t Bollmann ef al., 2013). & AL
oA EAT = dr Yot 4l Alet-S =7 A GAlE e = A
o|ASlErAE A= =2 A 42l RuBisCo (Ribulose-
1,5-bisphosphate carboxylase oxygenase)?] = Ath$|(large

subunit)E W5 7FX] AL Qo w Rk gtof| A T 370 9] [ Aol
A BFAEC) o= A2 Sulfuricella denitrificans, Sider-
oxydans lithotrophicus, Methyloversatilis universalis ‘53 7+
o SYQPARS Talela Q1] tEolth AEToR &
X =] Methyloversatilis universalis@} -2 | € & M|+ 0. =2
= Betaproteobacteria W 2] TFE E-91 Methylophilaceae )
Methylophilus <(Xia et al., 2015) 0|\ Methylovorus <{(Xiong
et al., 2011) 5o] & dA Qe EZF 2 A5t AREE
Bukholderiales 22| Herminiimonas arsenicoxydans ULPAs]
@} Janthinobacterium sp. Marseille 2} Z+o] 3-4 Mb 2] -3-A 4|
S 7HAAL Sl ARk oY 2k 78 Mb =0 B & A E
7YA Bukholderia 4:2] 8 H#52| 84S £35}9] Beta-
proteobacteria®| et A A Q1 {4 W A F-A| &

A 9177} 330 A8 E oo} 3 Ao,

2 E

Nitrosomonadales -2 T U o} ALSH A+t & vl - 52 5

BRpoln e BE 37 hmokE Akl 5
QAL e Qo] ABH o A H oz S
S48 /AT e Atoleh. 54 0] 100] W A
of| %7 =3P = o] & o} R 7}R] Nitrosomonadales =3} T
HAEH A7 =3 Aol itk Vernikos et al., 2015). 2 AL
of g Ao SIAL§ 1A B4 Falo] o] 50| 914 54
=& H & olsstal o] & o]-8-sho] HAlst mpdof thgt o] 3
S S Y dS AR AREHD:

Nitrosomonadales Z-0|| | &3} = -5 5 AA] G-AA A4

o] el mE FAHAN-10)Z ol &3] fAA W 34

) 2HE Seat A7), 2171 9,808 79k 9087 A
HAEE 238t = AL F2l5t9 T} Betaproteobacteria®)
thE 50 25 Bl s F5to] R A9 A A
o] 7)ol F-AA 9] =k et W o] {AAEE] 2ol 7} FF
2 1| X| = AL SIS} Nitrosomonas 43} Nitrosospira
£9] ’A= 7,180712} 4,5867H, A - A= 1,0927)

2}1,600 2 2 217+ =2 ] o] Nitrosospira 22 52 4do] ] =
2 A& RISt Nitrosomonadales =] J--7A 4| 2} &4

F+RA|&] Z7] 9] Nitrosomonas 450] thFE2] GaFE 2] =
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A& SIS, COG £418 Bajol F4l542] 2710
=] (translation, ribosomal structure and biogenesis) 57} 7}
2] (0.721.0%) & 31, 85 Aol § A
71 AEheI45 T o] SR A1 Blst ik WA
9] A 7]0f| =~ (unclassified) H37}34-51%2] =2 1] &S
AR QP AE R 2 S u) 2= A S Bhelstdt). 297
Ne] S-AR} S AE 7RG = gl Nltrosomonadalesﬂ]
F EA8kE As ERIskAI ol 2L E S Nitroso-
52 £ A= -4 AHE2] ammonia monooxygenase

o] 8. =}Q1 amoAL} amoBL} 719 T Q)= amoES} amoD
=2 X515)= HPHO unclassified FAAEE AGEH16-
45%)2 Z3F51a Qltk oy et $-A A} Z AE= Nitroso-
monadales ®] 1712 50l/d& B8l =dl T84 L= A

olck.

Ltel ot

O] =2 20148hd &= v ol ARaAge] ol a2 2]
S ol = A
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