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Supplementary Table 1 Some organisms in the family Beijerinckiaceae, with a brief description
of growth substrates utilized. Data are from: Dedysh et al. 2000; Dunfield et al., 2003; Dedysh et
al., 2005; Kennedy, 2005; Vorobev et al., 2009; Dedysh and Dunfield, 2010; Dunfield et al.,

2010; Vorobev et al., 2011; Berestovskaya et al., 2012.

Organism Growth Growth Growth on substrates Description
9 on CH4 CH.OH with C-C bonds P
3
Methylocella spp. + acetate, ethanol,
(silvestris, (sMMO) + propane, pyruvate, facultative methanotroph
palustris, tundrae) succinate, malate
M(;tg)éli%ﬁgsa (pMT\/I 0) + - obligate methanotroph
many sugars, ) .
Beijerinckia indica - - alcohols, organic n;m methylotrct)phlﬁ
acids chemoorganotrop
many sugars,
Beijerinckia mobilis - + alcohols, organic facultative methylotroph
acids
Metsrgllgte;ula (sMTVI 0) + - obligate methanotroph
Metk;;lljlfé::psa (pMT\/IO) + acetate facultative methanotroph
many sugars,
Methylovirgula ligni - + alcohols, organic facultative methylotroph
acids
many sugars,
Methylorosula - + alcohols, organic facultative methylotroph

polaris

acids

Supplementary Table 2 16S rRNA gene sequence identities of some species in the

Beijerinckiaceae.

Organism M. M. B. B. M. M.
silvestris  acidiphila  indica mobilis aurea stellata
Methylocella
silvestris
Methylocapsa 96.2
acidiphila
Beijerinckia 97.2 96.3
indica
Beijerinckia 96.2 96.7 98.3
mobilis
Methylocapsa 97.3 98.1 97.5 97.5
aurea
Methyloferula 97.0 96.5 96.7 96.8 97.8

stellata




Supplementary Table 3 Methylotrophy genes assembled primarily from Chistoserdova et al.
(2009), Vuilleumier et al. (2009), and Stein and Klotz (2011). The genes used to construct the
phylogeny shown in Figure 5 are in bold. Presence of the genes in each of the three study
genomes (Ms=M. silvestris; Mc=M. acidiphila; Bi=B. indica) is indicated. Positive detection of a
homologue was based on annotations in JGI IMG, and on BLAST searches as described in the
methods. A question mark indicates that there is a homologue (>30% identity) of uncertain
function.

gene

symbol gene name Ms Mc Bi

Methane oxidation

pmoC particulate methane monooxygenase (pMMO), subunit C -+ -
pmoB particulate methane monooxygenase (pPMMO, subunit B -+ -
pmMoA particulate methane monooxygenase (pMMO), subunit A -+ -
mmoX soluble methane monooxygenase (sMMO), subunit alpha + - -
mmoY soluble methane monooxygenase (sMMO), subunit beta + - -
mmoB soluble methane monooxygenase (sMMO), regulatory component + - -
mmoZ soluble methane monooxygenase (sMMO), subunit gamma + - -
Methanol oxidation
mxaF PQQ-dependent methanol dehydrogenase (MDH), large subunit + o+ -
mxaJ periplasmic protein, probable ABC transporter substrate-binding protein + o+ -
periplasmic c-type cytochrome, primary electron acceptor from PQQ-
mxaG + o+ -
dependent MDH
mxal PQQ-dependent methanol dehydrogenase (MDH), small subunit + o+ -
mxaR ATPase, P-loop NTPase family + o+ -
a von Willebrand factor type A (vWA) domain involved in methanol
mxaS 1 + + -
oxidation
mxaA essential for Ca* insertion into MDH + o+ -
mxaC essential for Ca* insertion into MDH + o+ -
mxakK essential for Ca** insertion into MDH + o+ -
mxalL essential for Ca** insertion into MDH + o+ -
mxaD essential for Ca** insertion into MDH + o+ -
mxaE unknown + o+ -
mxaH unknown + - -

mxaB transcriptional regulator

mxbD integral membrane sensor signal transduction histidine kinase -
mxbM response regulator -
mxcQ integral membrane sensor signal transduction histidine kinase -

mxcE response regulator

pqgA coenzyme PQQ biosynthesis
paqB coenzyme PQQ biosynthesis
paqcC coenzyme PQQ biosynthesis
paqD coenzyme PQQ biosynthesis
paqE coenzyme PQQ biosynthesis
pagF coenzyme PQQ biosynthesis
paaG coenzyme PQQ biosynthesis
XoxF homolog of mxaF

+ O
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+ o+ + o+

Methylamine oxidation

mauF methylamine oxidation protein - - -
mauB methylamine dehydrogenase, large subunit - - -
mauk essential for small subunit maturation - - -
mauD essential for small subunit maturation - - -
mauA methylamine dehydrogenase, small subunit - - -
mauC amicyanin - - -
mauJ methylamine utilization protein - - -
mauG methylamine utilization protein - - -
mauM ferredoxin - - -
mauN ferredoxin - - -

C1 transfer / formaldehyde oxidation

fae formaldehyde activating enzyme + + -
mtdB methylene-tetrahydromethanopterin (H4MPT) dehydrogenase + o+ -



fhcA formyltransferase/hydrolase complex, alpha subunit + o+ -
fhcB formyltransferase/hydrolase complex, beta subunit + + -
fhcC formyltransferase/hydrolase complex, gamma subunit + o+ -
fhcD formyltransferase/hydrolase complex, delta subunit + + -
orfY Unknown + o+ -
mtdA methylene-H;MPT /methylene-tetrahydrofolate (H4F) dehydrogenase -+ -
fch methenyl-H,F cyclohydrolase -+ -
dmrA dihydromethanopterin reductase + - -
ftfL formyl-H,F ligase + + 4+
folk 2-amino-4-hydroxy-6-hydroxymethyl-7,8-dihydropterin pyrophosphokinase + + +
folB dihydroneopterin aldolase - - -
folP dihydroneopterin synthase + o+ o+
folE GTP cyclohydrolase + o+ o+
folC dihydrofolate synthase + o+ o+
orf5 H4;MPT biosynthesis + o+ -
orf7 Unknown + o+ -
orf9 H4;MPT biosynthesis + + -
orfl9 H4MPT biosynthesis + + -
orf20 H4MPT biosynthesis + o+ -
orf21 H4MPT biosynthesis + o+ -
orf22 H4MPT biosynthesis + o+ -
mch methenyl-H4;MPT cyclohydrolase + o+ -
dfrA dihydrofolate reductase + + o+
Formate oxidation
fdh1A tungsten-dependent formate dehydrogenase, alpha sunbunit -+ -
fdhl1B tungsten-dependent formate dehydrogenase, beta subunit -+ -
fdh2A molybdenum-dependent formate dehydrogenase, alpha subunit + o+ o+
fdh2B molybdenum-dependent formate dehydrogenase, beta subunit + o+ 4
fdh2C molybdenum-dependent formate dehydrogenase, gamma subunit + + 4+
fdh2D molybdenum-dependent formate dehydrogenase, delta subunit + o+ o+
fdh3A cytochrome-linked formate dehydrogenase, alpha subunit + 7?7
fdh3B cytochrome-linked formate dehydrogenase, beta subunit + - -
fdh3C cytochrome-linked formate dehydrogenase, gamma subunit + - -
Cl-assimilation: serine cycle
sga serine-glyoxylate aminotransferase + + 0+
hpr hydroxypyruvate reductase + + 0+
gck glycerate kinase + + o+
eno enolase + o+ 4
ppcA phosphoenolpyruvate carboxylase + o+ o+
mdh malate dehydrogenase + o+ o+
mtkA malate thiokinase, alpha subunit + + 7
mtkB malate thiokinase, beta subunit + + 7
mcl malyl-CoA lyase + + 7
glyA serine hydroxymethyltrasferase + o+ o+
gscR serine cycle transcriptional regulator + - -
Cl-assimilation: EMC pathway, glyoxylate regeneration

phaA alpha-ketothiolase + o+ o+
phaB acetoacetyl-CoA reductase + + o+
phaC poly-beta-hyrdoxybutyrate polymerase + o+ o+
phaR regulator of PHB synthesis and acetyl-CoA flux + + o+
phaz polyhydroxyalkanoate depolymerase + o+ o+
icl isocitrate lyase + o+ o+
croR crotonase - - -
ccr crotonyl-CoA reductase - - -
meaB essential for methylmalonyl-CoA mutase reaction - - -
meaC mesaconyl-CoA hydratase - - -
ibd methylsuccinyl-CoA dehydrogenase - - -
mclA2 malyl-CoA lyase/beta-methylmalyl-CoA lyase - - -
ecm ethylmalonyl-CoA mutase - - -
pccA propionyl-CoA carboxylase, alpha subunit + o+ o+
pccB propionyl-CoA carboxylase, beta subunit + o+ o+
mcmA methylmalonyl-CoA mutase, alpha subunit + + o+



mcmB methylmalonyl-CoA mutase, beta subunit + o+ o+
epm methylomalonyl-CoA epimerase + + 4+
bdhA 3-hydroxybutyrate dehydrogenase + o+ o+
aad acetoacetate decarboxylase + o+ 4+
aas acetoacetyl-CoA synthetase + o+ o+
sdhA succinate dehydrogenase flavoprotein subunit + o+ 4+
sdhB succinate dehydrogenase iron-sulfur binding subunit + + o+
sdhC succinate dehydrogenase cytochrome B556 subunit + o+ o+
sdhD succinate dehydrogenase membrane anchor subunit + o+ 4+
fumC fumarate hydratase + + o+
Nitrogen Metabolism
haoA hydroxylamine dehydrogenase - - -
nirk nitrite reductase, copper-containing + - -
nirS cytochrome cd1 nitrite reductase - - -
cytL cytochrome P460, nitric oxic : hydroxylamine dehydrogenase + - -
cytS putative nitric oxide reductase - - -
norB nitric oxide reductase, heme-copper oxidase subunit | + - -




Supplementary Table 4 Amount of genes in some different COG categories in the three
genomes, along with the proportions of putative laterally transferred genes in each calculated by
a BLAST procedure at the taxonomic level of Order (from IMG) or Family. An asterisk indicates
that the proportion of genes in a COG, or the proportion of predicted LGT in that COG, is
significantly higher in M. silvestris or B. indica than in M. acidiphila, calculated with a Z-ratio test
of proportions and a Bonferroni correction for three comparisons.
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M. silvestris
Total genes 3917 129 251 154 213 183 188 1646
% LGT Order level 12.2* 7.8 8.8 71 11.7 4.3 13.8 6.6
% LGT Family level 27.2* 36.4* 342 34.4* 154 38.9
M. acidiphila
Total genes 3700 98 208 130 165 198 171 1688
% LGT Order level 7.75 7.1 3.4 4.6 6.7 10.1 10.5 6.2
% LGT Family level 13.6 20.3 23.8 224 21.3 28.3
B. indica
Total genes 3788 203~ 259 127 199 199 226* 1593
% LGT Order level 17.8* 20.2* 185* 16.5* 16.1* 17.6 23.9* 9.2*
% LGT Family level 59.3* 42.2* 34.9 37.00 36.5* 55.2*

®The numbers in individual COG categories do not sum to the total because not all the LGT
genes are classified into COGs. Numbers do not include non-coding reference genes.
®Comprises the 13 COG groups: Amino acid transport and metabolism (E); Coenzyme transport
and metabolism (H); Cell cycle control, cell division, chromosome partitioning (D); Cell motility
(N); Defense mechanisms (V); Function unknown (S); Intracellular trafficking, secretion, and
vesicular transport; Lipid transport and metabolism (U); Nucleotide transport and metabolism
(F); Posttranslational modification, protein turnover, chaperones (O); Replication, recombination
and repair (L); Secondary metabolites biosynthesis, transport and catabolism (Q); and
Translation, ribosomal structure and biogenesis (J).



Supplementary Table 5 Taxonomic distribution of the top BLAST hits of genes from Table 3
and Supplementary Table 4 that are predicted to be acquired via LGT.
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M. silvestris 15 10 2 0 0 0 0 2 0 1 0 0 0
M. acidiphila 4 1 1 0 0 0 0 0 1 0 0 0 1

B. indica 43 11 13 0 0 3 3 10 1 0 0 0 0

M. silvestris 33 20 1 1 1 0 0 3 1 1 2 0 0
M. acidiphila 13 5 3 0 0 0 0 1 1 1 1 0 1

B. indica 111 57 20 0 2 2 0 14 7 0 0 0 0

M. silvestris 72 38 14 0 2 1 0 5 6 0 1 2 0
M. acidiphila 47 16 7 2 2 2 6 3 4 0 1 1 0

B. indica 122 59 23 2 3 7 0 17 6 0 0 2 0




Supplementary Table 6 A section of the B. indica plasmid NC_010580 containing genes for
Carbohydrate transport and metabolism (COG G), Amino acid transport and metabolism (COG
E) and Energy production and conversion (COG C).

coG detected as

Locus Tag gene description category foreign via
IMG BLAST

Bind_3793 extracellular solute-binding protein family 1 G

Bind_3794 binding-protein-dependent transport systems inner G

membrane component
Bind_3795 binding-protein-dependent transport systems inner G
membrane component

Bind_3796 ABC transporter related G

Bind_3797 Mannitol dehydrogenase domain (EC:1.1.1.67) G

Bind_3800 sorbitol dehydrogenase small subunit (EC:1.1.99.21) - X
Bind_3801 glucose-methanol-choline oxidoreductase E X
Bind_3802 Gluconate 2-dehydrogenase (acceptor) C X
Bind_3803 putative insertion sequence transposase-like protein L

Bind_3804 hypothetical protein -

Bind_3805 transketolase (EC:2.2.1.1) G

Bind_3806 transaldolase (EC:2.2.1.2) G

Bind_3807 xylulokinase (EC:2.7.1.17) G

Bind_3808 transcriptional regulator, AraC family K

Bind_3809 hypothetical protein - X
Bind_3810 Alcohol dehydrogenase GroES domain protein E

(EC:1.1.1.9)
Bind_3811 periplasmic binding protein/Lacl transcriptional G

regulator




Supplementary Table 7 The total amount of LGT in the three genomes predicted by different
methods. The letters indicate significant differences among the three genomes in the proportion
of LGT at P=0.05, calculated with a Z-ratio test of proportions and a Bonferroni correction for
three comparisons.
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Supplementary Table 8 COG distributions of the genes predicted in islands identified by
IslandViewer. Most genes were hypothetical and not assigned to any COG category. The letters
indicate significant differences among the three genomes for genes in each COG category at
P=0.05, calculated with a Z-ratio test of proportions and a Bonferroni correction for three
comparisons.
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Supplementary Table 9 Some potential islands of LGT in the B. indica genome, identified as a
set of contiguous genes all predicted as foreign by at least one method. Islands predicted
primarily by AlienHunter alone are not shown because of the imprecision of this method in
targeting individual genes. An x indicates a putative foreign gene. COG categories G, C, T, P, M
and K, where most LGT in B. indica are evident, are in bold (See Figure 2). For genes without
an assigned COG, or assigned to COG R (general function prediction only) KOGs are also
given in parentheses where identified.
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Bind_0087 glycosyltransferase sugar-binding region containing DXD M X X
motif
Bind_0088 glycosyl transferase family 2 - X
Bind_0089 NADH:flavin oxidoreductase/NADH oxidase C X
Bind 0090 NAD-dependent epimerase/dehydratase G X
Bind_0503 4Fe-4S ferredoxin, iron-sulfur binding - X
Bind_0504 cyclic nucleotide-binding protein T X
Bind_0505 oxidoreductase FAD/NAD(P)-binding domain protein C X
Bind_0506 NADH ubiquinone oxidoreductase 20 kDa subunit C X
Bind_0507 nickel-dependent hydrogenase large subunit C X
Bind 0508 hydrogenase maturation protease C X
Bind_0619 transcriptional regulator, LysR family K X X
Bind_0620 short-chain dehydrogenase/reductase SDR( EC:1.1.1.69) | X
Bind_0621 hypothetical protein - X X
Bind_0622 D-isomer specific 2-hydroxyacid dehydrogenase NAD- C X X
binding
Bind_0623 putative 2-keto-4-pentenoate hydratase-like protein Q X X
Bind_0624 transcriptional regulator, Lacl family K X
Bind_0625 carbohydrate kinase, thermoresistant glucokinase family G X X
Bind_0626 oxidoreductase domain protein R(G,Q) x X
Bind 0627 major facilitator superfamily MFS 1 G X X
Bind_0791 transcriptional regulator, LysR family K X
Bind_0792 NAD-dependent epimerase/dehydratase G X
Bind_0793 hypothetical protein - X
Bind_0838 glycosyl transferase family 2 R X
Bind_0839 glycosyl transferase group 1 M X
Bind_0840 glycosyl transferase group 1 M X
Bind_0841 glycosyl transferase group 1 M X
Bind_0842 hypothetical protein - X X
Bind_0843 hypothetical protein - X
Bind_0844 glycosyl transferase family 2 R X X
Bind_1824 Glutathione S-transferase domain 0] X X
Bind_1825 short-chain dehydrogenase/reductase R Q) X
Bind_1826 alpha/beta hydrolase fold R (I) X X
Bind_1827 transcriptional regulator, MarR family K X X X
Bind_1828 NmrA family protein G X X
Bind_1829 transcriptional regulator, AraC family K X X X
Bind_1830 short-chain dehydrogenase/reductase SDR R (Q) X X X
Bind_1832 protein of unknown function S X X
Bind_1833 transcriptional regulator, LysR family K X X X
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Bind_1834 NADH:flavin oxidoreductase/NADH oxidase C X X
Bind 1835 Alcohol dehydrogenase zinc-binding domain protein C X X
Bind_1881 Isoprenylcysteine carboxyl methyltransferase 0] X
Bind_1882 multi-sensor signal transduction histidine kinase T X
Bind_1883 response regulator receiver protein T X
Bind_1884 response regulator receiver sensor signal transduction T X
histidine kinase
Bind_1932 flavoprotein WrbA R (R) X
Bind_1933 Ycel family protein S X
Bind_1934 cytochrome B561 C X
Bind_1935 Ycel family protein S X
Bind_1937 Pirin domain protein R X
Bind_1966 molybdopterin-guanine dinucleotide biosynthesis protein B H X
Bind_1967 ABC-type nitrate/sulfonate/bicarbonate transport systems P X
periplasmic component-like protein
Bind_1968 response regulator receiver and ANTAR domain protein T X
Bind_1969 molybdopterin oxidoreductase (EC:1.8.1.2) R,P(C) x
Bind_1970 nitrite reductase (NAD(P)H), large subunit (EC:1.7.1.4) C X
Bind 1971 major facilitator superfamily MFS 1 P X
Bind_2004 putative ABC-type Fe3+ transport system periplasmic P X X
component
Bind_2005 transport system permease protein P X
Bind_2006 ABC transporter related H X
Bind_2015 polysaccharide biosynthesis protein R (-) X X
Bind_2016 FAD linked oxidase domain protein C X
Bind_2017 Cyclopropane-fatty-acyl-phospholipid synthase M X
Bind_2018 4-oxalocrotonate tautomerase - X
Bind_2019 Mn2/Fe2 transporter, NRAMP family P X
Bind_2020 Levanase G X X
Bind 2021 Levansucrase - X
Bind_2150 hypothetical protein - X X
Bind_2151 outer membrane efflux protein M X X
Bind_2152 efflux transporter, RND family, MFP subunit M X
Bind 2153 heavy metal efflux pump, CzcA family P X
Bind_2498 flavin reductase domain protein, FMN-binding R (-) X
Bind_2499 transcriptional regulator, LysR family K X
Bind_2500 major facilitator superfamily MFS_1 - X
Bind_2501 secretion protein HlyD family protein \% X
Bind_2502 RND efflux system, outer membrane lipoprotein, NodT family M, U X
Bind 2503 transcriptional regulator, PadR-like family K X
Bind_2505 short-chain dehydrogenase/reductase SDR R (-) X
Bind_2506 ThiJ/Pfpl domain protein R (-) X
Bind_2507 transcriptional regulator, LuxR family K X X
Bind_2508 short-chain dehydrogenase of various substrate specificities R Q) X X
Bind_2510 Na/Picotransporter P X
Bind_2512 hypothetical protein S X X
Bind_2513 hypothetical protein - X X
Bind_2514 putative transcriptional regulator - X X
Bind_2516 NAD-dependent epimerase/dehydratase G X X
Bind_2519 ABC transporter related G X X
Bind_2520 binding-protein-dependent transport systems inner P X X
membrane component
Bind_2521 extracellular solute-binding protein family P X X
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Bind_2522 hypothetical protein - X X
Bind_2523 chromate transporter, chromate ion transporter (CHR) P X
family

Bind_2530 amino acid permease-associated region E X X
Bind_2531 Siderophore synthetase component-like protein Q X
Bind_2532 putative nickel ABC transporter, permease protein R (-) X
Bind_2533 MaoC domain protein dehydratase | X X
Bind_2534 Citryl-CoA lyase G X X
Bind_2535 major facilitator superfamily MFS_1 G X X
Bind_2536 L-carnitine dehydratase/bile acid-inducible protein F F X
Bind_2537 transcriptional regulator, LysR family K X
Bind_2538 prevent-host-death family protein - X
Bind_2539 PilT protein domain protein R (-) X
Bind_2540 transcriptional regulator K X
Bind_2541 Malate/L-lactate dehydrogenase C X X
Bind_2542 major facilitator superfamily MFS_1 G X
Bind_2543 3-carboxymuconate cyclase-like protein G X X
Bind_2544 porin - X
Bind_2545 isocitrate dehydrogenase, NADP-dependent R (C) X
Bind_2546 extracellular solute-binding protein family E X
Bind_2573 cytochrome-c peroxidase P X X

Bind_2576 major facilitator superfamily MFS_1 P X X X
Bind_2577 hypothetical protein - X X X
Bind_2578 hypothetical protein - X X X
Bind_2579 metal-dependent hydrolase - X X X
Bind_2580 regulatory protein MerR C X X X
Bind_2582 protein of unknown function - X X X
Bind_2583 putative insertion sequence L X X
Bind_2584 hypothetical protein - X X X
Bind_2585 short-chain dehydrogenase/reductase R (Q) X X
Bind_2586 heme oxygenase family H X X
Bind_2587 AMP-dependent synthetase and ligase | X X
Bind_2588 hypothetical protein - X X
Bind_2589 two component transcriptional regulator K X X X
Bind_2590 integral membrane sensor signal T X X X
Bind_2591 hypothetical protein - X X
Bind_2594 VacJ family lipoprotein M X X X
Bind_2595 hypothetical protein S X X
Bind_2596 tetratricopeptide TPR_2 repeat protein N X X
Bind_2597 Methyltransferase type 11 H X X
Bind_2598 hypothetical protein - X X
Bind_2599 hypothetical protein S X X X
Bind_2600 tetratricopeptide TPR_2 repeat protein N X X
Bind_2601 aminotransferase class-lIl E X X X
Bind_2602 3-Oxoacyl-(acyl-carrier-protein (ACP)) Q X X X
Bind_2603 monooxygenase FAD-binding C X X X
Bind_2604 Transposase and inactivated derivatives-like protein L X X
Bind_2606 hypothetical protein - X X X
Bind_2607 hypothetical protein - X X
Bind_2609 transcriptional regulator, AraC family K X X X
Bind_2611 transcriptional regulator, AraC family K X X X
Bind_2612 aldo/keto reductase C X X X
Bind_2613 NAD-dependent epimerase/dehydratase G X X X
Bind_2614 NAD-dependent epimerase/dehydratase G X X X
Bind_2615 X-Pro dipeptidyl-peptidase domain protein R (-) X X X
Bind_2619 Transposase and inactivated derivatives-like protein L X X
Bind_2620 transcriptional regulator, AraC family K X X X
Bind_2622 FMN-dependent alpha-hydroxy acid dehydrogenase C X X
Bind_2623 Thid/Pfpl domain protein R(V,R) x x x
Bind_2624 Alkanesulfonate monooxygenase C X X
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Bind_2625 flavin reductase domain protein FMN-binding R, C X X
Bind_2626 5-carboxymethyl-2-hydroxymuconate Delta-isomerase Q X X
Bind_2627 3,4-dihydroxy-2-butanone 4-phosphate synthase H X X
Bind_2628 extracellular ligand-binding receptor E X X
Bind_2629 hypothetical protein - X X
Bind_2633 Alcohol dehydrogenase zinc-binding domain protein C X X
Bind_2634 major facilitator superfamily MFS_1 -(G) X X X
Bind_2635 transcriptional regulator, LysR family K X X X
Bind_2637 peptidase M10A and M12B matrixin and adamalysin -O,W) x x x
Bind_2639 nucleotide sugar dehydrogenase M X X
Bind_2640 transcriptional regulator, ModE family R (-) X X
Bind_2641 hypothetical protein - X X
Bind_2642 mannose-1-phosphate M X X
Bind_2643 Endo-1,4-beta-xylanase G X X
Bind_2644 capsular exopolysaccharide family M X X
Bind_2645 glycosyl transferase group 1 M X X
Bind_2647 hypothetical protein - X X
Bind_2648 glycosyl transferase, WecB/TagA/CpsF family M X X
Bind_2650 glycosyl transferase group 1 M X X
Bind_2651 acyltransferase 3 I X X X
Bind_2653 polysaccharide biosynthesis protein R (-) X X
Bind_2655 acyltransferase 3 G X X X
Bind_2656 NAD-dependent epimerase/dehydratase G X X X
Bind_2657 hypothetical protein - X X
Bind_2658 hypothetical protein - X X
Bind_2661 hypothetical protein - X X X
Bind_2665 integrase family protein L X X
Bind_2666 YcfA family protein N X X
Bind_ 2667 protein of unknown function S X X
Bind_2756 Galactose oxidase - X X
Bind_2757 glycosyl transferase group 1 M X
Bind_2758 hypothetical protein - X
Bind_2759 glycoside hydrolase family 5 G X X
Bind_2760 hypothetical protein - X X
Bind_2761 hypothetical protein - X
Bind_2762 lipopolysaccharide biosynthesis protein M X
Bind_2763 hypothetical protein - X X
Bind_2764 hypothetical protein X
Bind_2775 putative H(+)-transporting ATP synthase, gene 1 protein - X
Bind_2776 ATP synthase FO, A subunit( EC:3.6.3.14) C X
Bind 2777 ATP synthase FO, C subunit( EC:3.6.3.14 ) C X
Bind_2827 oxidoreductase domain protein R(G,Q) x
Bind_2828 Inositol 2-dehydrogenase( EC:1.1.1.18) R(G,Q) x
D-isomer specific 2-hydroxyacid dehydrogenase NAD-binding E,H X
Bind_2829 (EC:1.1.1.95)
Bind_2830 HpcH/Hpal aldolase( EC:4.1.2.-) G X
Bind_2831 Aldehyde Dehydrogenase( EC:1.2.1.16) C X
Bind_2832
Bind_2833 transcriptional regulator, RpiR family K X
Bind_2834 thiamine pyrophosphate protein central region (EC:3.7.1.-) E X
Bind 2835 Xylose isomerase domain protein TIM barrel (EC:4.2.1.44) G X
Bind_2961 Alcohol dehydrogenase GroES domain protein C X
Bind_2962 transcriptional regulator, LysR family K X
Bind_2963 aldo/keto reductase C X X
Bind_2964 beta-lactamase domain protein R X X
Bind_2965 hypothetical protein - X
Bind_2966 hypothetical protein - X
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Bind_2967 transcriptional regulator, LysR family K X
Bind_2973 transcriptional regulator, LuxR family K X X X
Bind_2974 autoinducer synthesis protein Q X X X
Bind_2975 Phytanoyl-CoA dioxygenase Q X X X
Bind_2976 transcriptional regulator, LuxR family K X X X
Bind_2977 20G-Fe(ll) oxygenase R(Q,R) x x x
Bind_2979 hypothetical protein E X X X
Bind_2980 transcriptional regulator, LysR family K X X X
Bind_2981 transcriptional regulator, TetR family K X X X
Bind_2982 hypothetical protein - X X
Bind_2983 hypothetical protein - X X
Bind_2984 protein of unknown function S X X
Bind_2985 hypothetical protein - X X
Bind_2986 isochorismatase hydrolase Q X X
Bind_2987 inorganic pyrophosphatase C X X
Bind_2989 alpha/beta hydrolase fold R (R) X X X
Bind_2990 short-chain dehydrogenase/reductase SDR R (Q) X X
Bind_2991 hypothetical protein - X X
Bind_2992 short-chain dehydrogenase/reductase SDR I X X
Bind_2993 hypothetical protein - X X X
Bind_2994 hypothetical protein - X X X
Bind_2995 protein of unknown function (-) X X
Bind_2996 hypothetical protein - X X
Bind_2997 integral membrane sensor signal transduction histidine T X X
kinase
Bind_2998 two component, sigmab4 specific,transcriptional T X X
regulator, Fis family
Bind_3000 hypothetical protein - X X
Bind_3001 hypothetical protein - X X
Bind_3002 Arsenical pump membrane protein P X X
Bind_3003 hypothetical protein S X X X
Bind_3004 major facilitator superfamily MFS_1 G X X
Bind_3078 Aldehyde Dehydrogenase C X
Bind_3079 major facilitator superfamily MFS_1 G X X
Bind_3080 dihydrodipicolinate synthetase M, E X
Bind 3081 Dihydroxy-acid dehydratase G, E X
Bind_3388 hypothetical protein - X
thiamine pyrophosphate protein TPP binding domain X
Bind_3389 protein
Bind 3390 major facilitator superfamily MFS 1 G X
Bind_3431 Glucan 1,4-alpha-glucosidase G X
Bind_3432 FMN-binding domain protein - X X
Bind_3433 ApbE family lipoprotein H X X
Bind_3434 putative transmembrane protein - X X
Bind 3435 conserved hypothetical secreted protein - X X
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Supplementary Figure 1 Synteny dot plots of M. silvestris versus M. acidiphila and M. silvestris

versus B. indica generated using the Promer program in IMG.
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Supplementary Figure 2 Unrooted 16S rRNA gene-based tree showing the relationships of
Beijerinckiaceae and Methylocystaceae to other Rhizobiales. The tree was constructed in the
ARB platform from nearly full length sequences (>1400 nt) via Neighbour-joining with a
Jukes-Cantor correction (Ludwig et al., 2004). A consensus tree of 1000 bootstrap replicates
is shown, only bootstrap values greater than 50% are indicated. The scale bar represents 0.1
change per nucleotide site. Species that have been incorrectly classified as members of the
Beijerinckiaceae or Methylocystaceae are shown in . Sequence alignments were taken
from the ARB-Silva reference database Version 111 (Quast et al 2013).

A:AMOMOSB Rhodoblastus sphagnicola RST'
FR733696, Rhodoblastus acidophilus DSM137

5 MZ?BTZG, Methylocapsa acidiphila B2'

FM252035, Methylovirgula ligni BW872

FM252034, Methylovirgula ligni BW863'

FN433469, Methylocapsa aurea KYG'

FR686343, Methyloferula stellata AR4"

CP001280, Methylocella sm'esms BL2"

AJ555244, Mel'hy-'oceﬂa tundraeT4'

Y17144, Methylocella palustrisK' L
EU586037, Methylorosula polaris Ch -22 Beljerinckiaceae
EU586035, Methylorosula polaris V-22"

EU586036, Methyforoswa polaris Yu-22

EU401905, Beijerinckia fluminensis CECT 7311 '

AB1 1919& Beijerinckia derxii ATCC 49361

AJ563932, Beijerinckia mobilis DSM 2326"

CP001016, Beiferinckia indica subsp. indica ATCC 9039"

AJ563934, Beijerinckia derxii subsp. venezuelae DSM 2329'

AJ563933, Beiferinckia derxii subsp. derxii DSM 2328'

AJ458473, Methylocystis echinoides IMET10491"
Y18945, Methylocystis parvus OBBP'
Y18946, Methylosinus sporium 5
Y18947, Methylosinus trichosporium OB3b' Methylocystaceae
D0364433 Methylocystis hirsuta CSC17
AJ414656, Methylocystis rosea SV97’
AM283543, Methylocystis heyeri H2

1;31‘: AF508803, Bosea thiooxidans DSM 9653
65 AF273081, Bosea minatitianensis AMX51"

FR733708, Microvirga subterranea DSM 14364
100 EU727176, Microvirga guangxiensis 258
AB098515, Microvirga flocculans TFB'
a0 GQ421849, Microvirga aerilata 5420S-16"

65, D32226 Methylobacterium organophilum JCM 2833
AB252201, Methylobacterium komagatae 002-079
EF174498, Methylobacterium aerolatum 5413S-11"
AJ250801, Methylobacterium fujisawaense DSM 5686
AY683045 Methylobacterium oryzae CBMB20"
CP001002, Merhyrubacfenum radiotolerans JCM 28317
AJ400919, Methylobacterium mesophilicum JCM 2829

100| AB252198, Methylobacterium hispanicum DSM 16372°
AB252197, Memylobacrenum aquaticurm DSM 163717
AB175631, Methylobacterium extorquens DM4
9 CP001028, Methylobacterium populi BJOO1
] ABGD293'D Methylobacterium podarium DSM 15083'
5 AJ2984349, Chelat asaccharovorans TE2
77| EF584507.

atoco
FN430422,

AF288304, Afipia birgiae 34632
AY029562, Afipia massiliensis 34633'
MB5248, Afipia felis AFIP BV’

CP001196, Oligotropha carboxidovorans OM5’
MB9186, Afipia clevelandensis 411m’

AB498815, Rhodopseudomonas palustris ATCC 17001
XB87272, Bradyrhizobium japonicum DSM 301317
AY372184, Bradyrhizobium betae PLTHG1

AF338176, Bradyrhizobium denitrificans LMG 8433"
AP012208, Bradyrhizobium japonicum USDA 6

CP000115, Nitrobacter winogradskyi Nb-255"

AM114522, Nitrobacter vulgaris DSM 10236

L11663, Nitrobacter hamburgensis X14'

1U35000, Bradyrhizobium elkanii USDA 76’
10q F AY624135, Bradyrhizobium pachyrhizi PAC48'
8 AY624134, Bradyrhizobium jicamae PACES

DQo62742, Pseudo.rabrys taiwanensis CC-BB4'

10 D25311, Rhodoplanes elegans AS130°
9 D25313, Rhodoplanes roseus 941
100 DB86514, Blastochloris sulfoviridis DSM 729
HQO09852, Blastochloris viridis DSM 133"

9 AB236169, Labrys okinawensis MAFF 210191
100 AB236170, Labrys miyagiensis 624103
———— AY362040, Labrys portucaiensis F11'
ABzM?ﬁz Kaistia granuli Ko04'
AY039817, Kaistia adipata Ch1404'
EF592609, Kaistia soli 5YNS-8'
D("4f‘4 188, He

97

100——— AB127972, F somorphomonas koreensis Y9
—— AB159680, Pleomorphomonas oryzae F-7

0.10




Supplementary Figure 3 Phylogenetic tree showing the relationship of derived MmoX
proteins, the hydroxylase component of sMMO. The tree was constructed using Neighbour-
Joining and a Kimura distance correction, based on 390 amino acids total length. The scale
bar represents 0.05 changes per amino acid position. Bootstrap values of 1000 constructions
are shown at the nodes when greater than 50%. Gene accession numbers are given in
parentheses.

1@[ Methylomonas sp. LW13 (AAG31819.1)
100 Methylomonas sp. KSPIIl (BAA84751.1)
78 —— Methylovulum miyakonense HT12 (BAJ17645.1)
100 Methylomicrobium japanense str. N1 (BAE86875.1)
Methylococcus capsulatus Bath (YP 113659.1)
95 Methylocella tundrae T4 (CAD88243.1)
100 Methylocella silvestris BL2 (CAJ26291.1)
—— Methylocella palustris K (CAD30366.1)
80— Methyloferula stellata AR4 (PRJNA165575)
100 —— Methylocystis heyeri H2 (CAK95255.1)
100[ Methylosinus trichosporium OB3b (AAZ81968.1)
- Methylosinus trichosporium 14/1 (AJ458521)
100 Methylosinus sporium ATCC 365069 (CAD30356.1)
0 Methylocystis sp. M (AAC45289.1)
Methylocystis hirsuta ACSC1 (BG56535.1)
1®|- Methylocystis sp. IMET 10486 (CAD30347.1)

Beijerinckiaceae

Methylocystaceae

0.05




Supplementary Figure 4 Phylogenetic tree showing the relationship of concatenated
derived MxaFJI proteins. The tree was constructed using Neighbour-Joining and a Kimura
distance correction, based on 851 amino acids total length. The scale bar represents 0.05
changes per amino acid position. Bootstraps values of 1000 constructions are shown at the
nodes. Genome accession numbers are given in parentheses.

Methylomonas methanica MC09 (CP002738)
-

100

100 Methylomicrobium buryatense 5G (PRJNA89087)
Methylomicrobium album BG8 (CM001475.1)
Methylococcus capsulatus Bath (NC_002977.6)

100

0.05

99

Starkeya novella DSM 506 (NC_014217.1)

Hyphomicrobium sp. MC1 (NC_015717.1)

Hyphomicrobium denitrificans ATCC 51888 (NC_014313.1)
Methyloferula stellata AR4 (PRJNA165575)

Methylocapsa acidiphila B2 (PRJNA72841)
Methylocella silvestris BL2 (NC_011666.1)

Methylosinus trichosporium OB3b (NZ_ADVEO00000000.1)
Methylocystis sp. ATCC 49242 (NZ_AEVMO00000000)
100 Methylocystis sp. SC2 (NC_018485.1)
Methylobacterium nodulans ORS 260 (NC_011894.1)

Methylocystaceae

100 Methylobacterium chloromethanicum CM4 (NC_011757.1)
ﬁ[l Methylobacterium extorquens AM1 (NC_012808)

Methylobacterium populi BJOO1 (NC_010727)

Methylobacteriaceae
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Beijerinckiaceae



Supplementary Figure 5 Phylogenetic tree showing the relationship of concatenated
derived products of nifH and nifD. The tree was constructed using Neighbour-Joining and a
Kimura distance correction, based on a concatenation of 290 amino acids total length. The
scale bar represents 0.02 changes per amino acid position. Bootstraps values of 1000
constructions are shown at the nodes. Genome accession numbers are given in
parentheses.

89 Methylobacterium nodulans ORS 260 (NC_011894.1)

7 Methylobacterium sp. 4-46 (NC_010511)
100 Rhodopseudomonas palustris TIE-1 (NC_011004.1)
Mesorhizobium loti MAFF303099 (NC_002678.2) )
——Methylocapsa acidiphila B2 (PRJNA72841) §
2 %Beijerinckia indica subsp. indica ATCC 9039 (NC_010581.1) §
S
Methyloferula stellata AR4 (PRJNA165575) 2
L 73 Methylocystis sp. SC2 (NC_018485.1) ®
Bradyrhizobium japonicum USDA 110 (NC_004463.1)
2.02 75 Methylosinus trichosporium OB3b (NZ_ADVE00000000.1)
c Methylococcus capsulatus Bath (NC_002977.6)

Methylocella silvestris BL2 (NC_011666.1)

Methylocystaceae

and others
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Supplementary Figure 6 Phylogenetic tree of derived proteins from genes identified as
periplasmic binding protein/Lacl transcriptional regulators. Proteins derived from the B. indica
genome (in bold) are compared to the closest public-domain sequences identified via
BLAST. The tree was constructed using Neighbour-Joining and a Kimura distance correction,
based on 538 amino acids. The scale bar represents 0.1 changes per amino acid position.
Bootstraps values of 1000 constructions are shown at the nodes when >50%.

ﬁ:ﬂﬂethy:‘obacrerfum nodulans ORS
Methylobacterium sp. 4-46
1 ODr — Xanthobacter autotrophicus Py2
Bind_2083
69 93 Sinorhizobium fredii USDA 257
[ Sinorhizobium meliloti SM11
100 Roseobacter denitrificans OCh 114
79 Bind_2481

Rhodospirillum photometricum DSM 122
Ochrobactrum anthropi ATCC 49188
Mesorhizobium ciceri biserrulae

1OQ| Azospirillum lipoferum 4B

99 Azorhizobium caulinodans ORS 571
Ly Bind_0624
51 Chromohalobacter salexigens DSM 3043
Bind_2824

75 Bind_2489
100 100 '| I:T = Sinorhizobium fredlii HHA 103
Sinorhizobium meliloti SM11
Rhizobium etli CFN
Paracoccus denitrificans pd 1222 1
Bind_2771
Sinorhizobium medicae WSM419
B Sinorhizobium fredii HH103 1
Sinorhizobium fredii HH103 2
Rhizobium leguminosarum ftrifolii
Agrobacterium radiobacter K84

100 71{;:Agrobacten‘um sp. H13-3

10 Agrobacterium tumefaciens C58
Bind_3811
100y Bind_2837
Bind_3071
—Bind_2861
Psychromonas ingrahamii 37
Bind_2340
Gluconacetobacter diazotrophicus PAl 5
Pseudomonas fluorescens SBW 25
Burkholderia glumae BGR1
Burkholderia pseudomallei 1106A
Azoarcus sp. KH32C
100p—Bradyrhizobium sp. ORS278
100 Bradyrhizobium sp. BTAI1
Bradyrhizobium japonicum USDA 2
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Supplementary Figure 7 Methylotrophy islands and potential LGT islands in the three
genomes. Methylotrophy genes as described in Supplementary Table 3 are indicated on the
outer rings. On the inner rings GC content is shown and shaded areas represent islands
identified by IslandViewer or AlienHunter. The figure was drawn using Ring Image Generator
(Alikhan et al., 2011). Methylotrophy genes were identified by BLAST, therefore they do not
necessarily represent genes for methylotrophy functions, only homologues of these.
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Supplementary Figure 8 Clustering of some genes involved in the serine cycle of C1
assimilation in some Alphaproteobacteria. Clustered genes directly involved in the serine
cycle (orange color) are sga, serine cycle glyoxylate aminotransferase; hrp, hydroxypyruvate
reductase; mtkA, malate thiokinase, B large subunit; mtkB, malate thiokinase, a small
subunit; ppc, phosphoenolpyruvate carboxylase; mcl, malyl-CoA lyase; gck, glycerate kinase.
Clustered genes involved indirectly in the serine cycle by activating formate (blue color) are
mtdA, methylene-H,MPT/methylene-H,;F dehydrogenase; fch, methenyl-H4F cyclohydrolase;

ftiL, formyl-H4F ligase. Genes indicated by gray are not known to be related to the serine
cycle.
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