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Abstract — The species diversity of Betaproteobacteria in the Sumunmulbengdui Wetland Area of
Jgu Idland was studied using culture based techniques, and candidates for novel taxa were screen-
ed. Twenty two novel bacterial strains belonging to Betapr oteobacteria wer e isolated, which could
be assigned to 16 genera of 4 families, namely Burkholderiaceae (3 strains), Comamonadaceae (8
strains), Oxalobacteraceae (5 strains), Neisseriaceae (5 strains), and an unassigned group belonging
to Burkholderiales(1 strain) based 16SrRNA gene sequences. The genus Chromobacterium contained
three candidates of novel species, and each of the genera Burkholderia, Comamonas, Pelomonas and
Herbaspirillum contained two candidates respectively. Through the analysis of membrane fatty
acid profiles and physiological properties using APl 20NE as well as morphological and cultural
properties, each of the isolates was found to form potentially novel species. Brief description of 22
potential candidatesfor new species or subspeciesis given accordingly.
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Bo] oi2] A7 AN E ¥ 7HHE 7T gek
AFE Aol etk AE =M BeIq 214
Andreprevotia chitinilytica (Weon et al. 2007), | 7] Z=¢l] 4|
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Table 1. List of strains and their taxonomic affiliations

Order Family Strain ID Closest species 16SrRNA similarity (%)

1S2100910-03 Burkholderia arboris 98.73
Burkholderiaceae JSC-N3-113-1 Burkholderia phytofirmans 98.85
JSC-N3-314-1 Pandoraea faecigallinarum 98.80
IMCC12916 Comamonas terrigena 97.45
INCC12801 Comamonas thiooxidans 97.48
IMCC12816 Curvibacter delicates 97.82
Comamonadaceae 3J3W 5-01 Délftia lacustris 98.14
Burkholderiales JSC-R2-221-3 Kinneretia asaccharophila 98.01
INCC12807 Pelomonas aquatic 98.35
IW4100910-R0O1 Pelomonas puraquae 98.21
JSC-R3-121-14 Variovorax ginsengisoli 98.80
IMCC12817 Herbaspirillum rhizosphaerae 94.64
JSC-R3-120-1 Herbaspirillum seropedicae 98.97
Oxal obacteraceae JSC-P2-222-10 Herminiimonas aquatilis 95.71
JSC-P3-220-2 Massilia dura 96.82
HMEG890 Undibacterium pigrum 97.23
Unassigned HME6814 Aquincola tertiaricarbonis 97.64
JW1100901-R05 Aquitalea denitrificans 97.44
IMCC12891 Chromobacterium piscinae 98.44
Neisseriales Neisseriaceae HMEG876 Chromobacterium pseudoviolaceum 98.72
JW1100901-R03 Chromobacterium subtsugae 98.58
JS1100901-02 Pseudogulbenkiania subflava 94.82
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1001 Burkholderia sp. 152100910-03
Burkholderia arboris R-242017 (AM747630)
Burkholderia sp. JSC-N3-113-1
Burkholderia phytofirmans PsIN” (AY497470)
Pandoraea sp. JSC-N3-314-1
Pandoraea faecigallinarum NS1 5" (AB510956)
Massilia sp. JSC-P3-220-2
Massilia dura 16" (AY965998)
Herbaspirillum sp. JSC-R3-120-1
Herbaspirillum seropedicae DSM 6445" (Y10146)
Herbaspirillum sp. IMCC12817
Herbaspirillum rhizosphaerae Ums-37" (DQ188986)
Herminiimonas sp. JSC-P2-222-10
Herminiimonas aquatilis CCUG 36956" (AM085762)
Undibacterium sp. HME6890

Undibacterium pigrum CCUG 49009" (AM397630)
Pelomonas sp. IW4100910-R01
Kinneretia sp. JSC-R2-221-3

Kinneretia asaccharophila KIN192" (AY136099)
Pelomonas puraquae CCUG 52769" (AM501439)
100 Pelomonas INCC12807

Pelomonas aquatica CCUG 52575" (AM501435)
100 Aquincola sp. HME6814
Aquincola tertiaricarbonis L10" (DQ656489)

L 100 Curvibacter delicatus LMG 43287 (AF078756)
Curvibacter sp. IMCC12816
Variovorax sp. JSC-R3-121-14
Variovorax ginsengisoli Gsoil 3165' (AB245358)
Comamonas sp. IMCC12916
Comamonas terrigena LMG 1253" (AJ430342)
Comamonas sp. INCC12801
Comamonas thiooxidans S23" (DQ322069)
Delftia sp. 3JJ W1-03
Delftia lacustris 332" (EU888308)

67

0.01

Fig. 1. Neighbor-joining tree of the isolates and related taxa belong-
ing to the order Burkholderiales. Numbers at nodes are the
bootstrap support (%) based on 1,000 resampled dataset.
Scale bar, 0.01 substitutions per nucleotide position.

C16:1 »7c(33.03%), C17:0 cyclo(15.26%), C12:0(9.23%).
W Z27F HME6B814, Al F 5= &#2Ewl 5] &H52] (29 33°

22.234, %7 126°26.961" )| A] E-7]. £ 2L Aquincola

tertiaricarbonis (16SrRNA 5-A}=: 97.64%).

2. Aquitalea sp. JW1100901-R05

A3, A8 B8, A4, w1 5% F2Y A3
, 1% &A1, API 20NE Z 2} A} 34, indole A3 A, =
=5} 2, arginine dihydrolase, urease, esculin 7}4=%-3] o]
o} ule-g Ho|T, ofWAl <), gelatinase, PNPG (B-
gaactosidase)ol] &4 ®H&& w9, 127) etAYe L-aa
binose, D-mannoseg- #) 2] 3 =& (D-glucose, D-mannital,
N-acetyl-glucosamine, D-maltose, gluconic acid, capric acid,

r41

K

Chromobacterium aquaticum CC-SEYA-1" (EU109734)

Chromobacterium haemolyticum MDA0585" (DQ785104)
Chromobacterium sp. JW1100901-R03
Chromobacterium subtsugae PRAA4-17 (AY344056)

Chromobacterium sp. HME6876
100

Chromobacterium sp. IMCC12891
Chromobacterium piscinae LMG 3947" (AJ8B71127)
54 Chromobacterium pseudoviolaceum LMG 39537 (AJ871128)
Chromobacterium violaceum ATCC 124727 (M22510)
Aquitalea sp. JW1100901-R05

100 Aquitalea denitrificans 5YN1-3" (EU594330)

Aquitalea magnusonii TRO-001 DR8'" (DQ018117)

ﬂ'j Pseudogulbenkiania sp. JS1100901-02
Pseudogulbenkiania subflava BP-5" (EF626692)

0.01

Fig. 2. Neighbor-joining tree of the isolates and related taxa belong-
ing to the order Neisseriales. See Fig. 1 for legends.

adipic acid, malic acid, citric acid, phenylacetic acid) k4~
A o) Fs, Fo AWAEE 16:1 07c¢/16:1 w6 and/or
16:1 w6c/16:1 w7c (41.3%), 16:00 (25.25%), 18:1 w7c and/
or 18:1 w6c (12.09), 12:00 (7.65%).

o) £ JW1100901-R05, Al F5 %2E¥ 5 4]
(E$%] 33°21'54.09”, =74 126°27'05.01")e| A 2. =4
22 Aquitalea denitrificans (16S rRNA -§-AF = 97.44%).

3. Burkholderia sp. 1S2100910-03

A, A% =, A4, 23 o5 22 ¥A.
o, 13 &A1, APl 20NE A3} Al 3+4], esculin 7}
ol oS Holx yrAlE A4 & 14, 127
9] g4 42 D-glucose, D-mannose, gluconic acid, capric
acid, malic acid, phenylacetic acidel] FAIut-S-, Y x|=
T S xule oz o] 831A] F3H F9o AuAkS 16:00
(32.13%), 18:00 (15.03%), 16:1 »7c/16:1 wbc and/or 16:1
®6¢/16:1 w7c(10.88%), 17:0 cyclo(8.29%), 18:1 w7c and/or
18:1 wbc (5.4%).

o) 7 1S2100910-03, AlF= £oE2uE &7 (2
9] 33°21'54.09”, 57 126°27'05.01")o| A He]. ZH=
2 Burkholderia arboris(16S rRNA A} =: 98.73%).

2 L

o

4. Burkholderia sp. JSC-N3-113-1

V¥ 224 A 2, T3 4. AP 20NE 2=
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PNPG (B-galactosidas)® 34 H8-& 1ol A
BT oA ules Rl 127 e84 Y-S D-mannitol, D-
maltose, capric acidE A &3l 27 o] & 7}, F2 XA
B2 16:1 o7¢/16:1 wbc and/or 16:1 w6c/16:1 w7c (14.7
%), 17:0 is0 30H (7.09%).

o =75 ISC-N3-113-1, AlF= &< A (&
9] 33°24', 7] 126° 2894 £7]. 241322 Burkholderia
phytofirmans (16S rRNA A} =: 98.85%).

o gz

5. Chromobacterium sp. IMCC12891

A 2=y YA 7+, 1% SA. flexirubin A A1, API
20NE Z 7= A} 24, arginine dihydrolase, urease, escu-
lin 7}4=%-3), gelatinase, PNPG (B-galactosidase)l| 4] <A
Hhe-o 19l 127) B4 D-mannitol, N-acetyl-glucosa-
mine, gluconic acid, capric acid, citric acidol| 4] ¥4 ®H-&-
4 13, F2 Aukako 2= 16:1 w7c and/or 16:1 wbe (8.44
%), C16:0(27.67%), 18:1 w7c and/or 18:1 w6c (17.01%).

275 IMCCL12891, A|F 5 %S2uE] 54 (33
33°22.227, %7 126°26.963)4l|A] £g]. Z3F2 Chro-
mobacterium piscinae (16S rRNA 5-AFx=: 98.44%).

6. Chromobacterium sp. HME6876

43 =

o

rU

2 PA. A 7 1% 4] AP 20NE 23}
= oAl 3 _YI-_E‘% 1k, arginine dihydrolase, gelati-
naseol| <kl Wbeg m 9l 127) ek4A9-e D-glucose, N-
acetyl-glucosamine, gluconic acid, capric acid, malic acidel]
oA Mbg-S w9, F2 AuMlezE= Cl61 07c/Cl6:1
w6c and/or C16:1 06c/C16:1 w7c(39.68%), C16:0(22.84%),
C18:1 o7c and/or C18:1 w6c (18.29%), C12:0(5.78%).

d 273 HMEG876, A F = £2Ewl 5 &3] (29 33°
22234, 571 126°26.961)l| A E&]. =922 Chromo-
bacterium pseudoviolaceum (16S rRNA §-A} =: 98.72%).

2

(o3
s
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7. Chromobacterium sp. JW1100901-R03

93,48 =9, A4, B3 el fEdY 257 F
24 A 7 3% 4. APL20NE 23 Ak gk,
indole A3 A}, ==t} W&, arginine dihydrolase, gelatinase
o oFA W& w9, 127 k4912 D-glucose, D-man-
nose, N-acetyl-glucosamine, gluconic acid, malic acidel| A
oFA] Hle-g B9l F9 AHRAES 16:1 w7c/16:1 wbe and/
or 16:1 m6c/16:1 w7c (33.43%), 18:1 w7c and/or 18:1 w6c
(19.32%), 16:0(19.11%), 12:0 (9.16%), 10:0 30H (5.49%),
17:0 cyclo (5.06%).

o) =73 IW1100901-R03, Al F 5 %2265 £3] (&
9] 33°21'54.09", 7 126° 27°05.01”)0l| A Tﬂ. ZdFe
Chromobacterium subtsugae (16S rRNA -f-A}=: 98.58%).

8. Comamonas sp. IMCC12916

Ay ZF2Y A O+, 1 4. AP 20NE H o=
AAE &), indole A, 2= el SA WHg, y A
= 2% oAl uke 127) =492 phenylacetic acidS A

ot B A Hbgo= o b, Fo ALY
16:1 w7c and/or 16:1 w6c (27.53%), 14:0 30H and/or 16:1
iso | (20.53%), C16:0 (15.22%), 17:0 cyclo (7.08%), 15:0
is0 (6.56%)

Y Z= 75 IMCC12916, AlF% £2>BuE &7 (59
33°22.227', 7] 126°26.963)0l|A] Hz]. 29=
monas terrigena (16S rRNA A= 97.45%).

Coma-

rlo

9. Comamonas sp. INCC12801

AT Pelo) 2y P4 Fe 27 2 A
APl 20NE Z#}+= = A} 541, arginine dihydrolase, urease,
esculin 7}%}."6]1 gelatinase, PNPG (B-gal actosidase) ol A
oFA HF2-g w3l 127) eh491-> D-glucose, L-arabinose,
D-mannose, D-mannitol, N-acetyl-glucosamine, D-maltose,
gluconic acid, capric acid, adipic acid, phenylacetic acidel]
A HEEE Beln o]f Jbg, Fo AR 181
w7c and/or 18:1 w6c (27.32%), C16:0(19.65%), 19:0 cyclo
®8c (17.59%), 16:1 w7c and/or 16:1 w6c (11.67%), 17:0
cyclo (6.08%).

FF INCC12801, AlF= 8% F4] (F9]
33°22.227, 57 126°26.963)¢)| 4] Ez]. 9% Com
amonas thiooxidans (16S rRNA #-A}x: 97.48%).

10. Curvibacter sp. IMCC12816

A3 F2Y JA. F3HA 2+ 2 24 AP 20NE
Ail= ofAAL 34, arginine dihydrolase, urease, gelati-
nase, PNPG (B-galactosidase)el] <FA Wh-e-& i‘;j‘, 1274
el4218 D-mannose, D-maltoses]] ¢FA] HE-S-S w9 v}
HA]E 2% A Hbe 39 xHile 2= C16:1 o7d/
C16:1 w6c and/or C16:1 w6c/C16:1 w7c (61.77%), C16:0
(17.54%), C16:0 anteiso (10.84%).

o) =#FF IMCC12816, A|F=5 <£2En5]
33°21'28.817, £7 126°27'50.60")e]| 4] Ha]. ZdZe
Curvibacter delicatus(16S rRNA -f-A}x: 97.82%).
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11. Delftia sp. 31J-W 5-01

48 F=2Y JA. B 17+ 1 1. APl 20NE 7]
A A% 2y Aoz Jvehd Fo AWk C120
(12.48%), C12:0 30H (7.49%), C16:1 w7c/16:1 w6 (7.76%),
C16:0(15.5%) 2! C18:1 m9c(34.24%).

dZ=7F 3W 5-01. AlF5 22495 53] (59
33°22.234, =7 126°26.961" )04 Hza]. 29Z2 Ddftia
lacustris (16S rRNA A} %=: 98.14%).

o

12. Herbaspirillum sp. IMCC12817

438, non-pigment, 722 % 7+, 13 SA. APl 20NE
A= AL 54, indole A A1, arginine dihydrolase, urease,
esculin 7}4=33)), PNPG (B-gaactosidase)ol| A oFA Hl4-
+ 1Y, 1270 =l BE oA uko R o4 Ths,
Z9 Auplo =z C16:0(25.45%), 17:0 cyclo (21.9%),
18:1 w7c and/or 18:1 w6c (16.28%), 16:1 w7c and/or 16:1
®6¢ (13.18%).

Q=75 IMCCL12817, Al 5% w545 F4 (59
33°21'28.81"7, 7] 126°27'50.60")e| A Hze]. ZH=
Herbaspirillum rhizosphaerae (16S rRNA -5-A} = 94.64%).

e

13. Herbaspirillum sp. JSC-R3-120-1

A3 =Y PJA. 77, 1% 4. APl 20NE A=}
= 2% oA 127] E4H-S L-arabinose, D-mannitol,
gluconic acid, capric acid, malic acid, citric acid ¢]- & 7},
UeiAe ggoz olgaha RE, Fo AW 161
®7¢/16:1 w6c and/or 16:1 w6c/16:1 w7c (44.55%), 16:0
(31.18%), 10:0 30H (8.22%).

&5 ISC-R3-120-1, A|F= #28WF 54 (3
9] 33°41, =7 126°45)0| A Ea]. £49=2 Herbaspi-
rillum seropedicae (16S rRNA -f-A} 5 98.97%).

14. Herminiimonas sp. JSC-P2-222-10

Ao F= A 7, 13 54 AP 20NE 2 2=
esculin 7}4~-5), PNPG (B-galactosidase)el] }4 whg-&
B2y, YA »%E &A1 127] ek4--2 L-arabinose, D-
maltoses] P WS, LA L BE A uE, T2 4]
HFAkS 15:0 anteiso (50.97%), 16:0 iso (12.12%), 16:0(10.14
%), 12:0(5.57%).

o &5 ISC-P2-222-10, Al F= #2895 54 (%
9] 33°35, 7 126°39)0l| A E]. T9ZL Herminii-
monas aquatilis(16S rRNA A} x=: 95.71%).

15. Kinneretia sp. JSC-R2-221-3

Ao 2y YA =t 13 244 AP 20NE 239+
2% 24, 127) 'h44d-2 D-mannosedt o] 4 713t
U As 27 o] 83hA] 33, F2o Ak 16:0(25.69
%), 16:1 »7c/16:1 w6c and/or 16:1 w6c/16:1 w7c (15.66%),
18:1 w7c and/or 18:1 w6c (13.6%), 12:0 (12.12%), 12:0
aldehyde (8.64%), 11:0 20H (5.45%).

o) &5 ISC-R2-221-3, Al = 5285 41 (59
33°40, 57 126° 440 A Ez]. 29 ZF2 Kinneretia asac-
charophila (16S rRNA $-A}=: 98.01%).

16. Massilia sp. JSC-P3-220-2

Ao F2Y YA 7+, 17 24 AP 20NE A3}
+= esculin 7}=-3), PNPG (B-galactosidase)ol] <FA |-
< B vHAlE 2F 34, 1270 k48l L-arabinose,
D-mannose, D-maltose, malic acidel] ¢FA] ®l2-& w9,
Uzl 2% &4, Fa x¥Ake 16:0(36.75%), 17:0
cyclo (24.36%), 16:1 w7c/16:1 w6c and/or 16:1 w6c/16:1
®7¢ (16.7%), 10:0 30H (6.52%), 12:0 (5.4%).

W &5 ISC-P3-220-2, A| 7= w225 54 (59
33°39, 27 126°43)|A] Hz]. 29Z2 Massiliadura
(16SrRNA -5-A} 5 96.82%).

17. Pandoraea sp. JSC-N3-314-1

A3 =Y YA 2+, 19 54 AP 20NE A 3=
ofAAL FHATE oFA HES-E Kol YA 2RS4
Hk-S-, 127 ek4-%1-2 gluconic acid, capric acid, malic acid,
phenylacetic acidell A oFA] HFS-& B, YwA:= 2%
o uke e AHRALS 16:1 07¢/16:1 w6c and/or 16:1
®6c/16:1 w7c (15.1%), 12:0 aldehyde (6.76%), 16:0 30H
(4.84%), 19:0 cyclo 8c (3.19%).

) B ISC-N3-314-1, A 5= 259 F A (59
33°27, 57 126°31)e|A] #z]. 249%2 Pandoraea
faecigallinarum (16S rRNA -2} = 98.8%).

18. Pelomonas sp. INCC12807

3 224 A 7, 29 SA. AP 20NE A=
AF 39, indole AJA], 2xv) W EE A3ty BT
FA wk-e-, 127 eb491-2 madlic acid, citric acid2 A) )8}
3 BF oFA wbgom o4 s, Fo AR 181
w7c and/or 18:1 w6c (27.32%), C16:0(19.65%), 19:0 cyclo
®8c (17.59%), 16:1 w7c and/or 16:1 w6c (11.67%), 17:0
cyclo (6.08%).

W P

o}
o

o
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A &5 INCC12807, AlF= 2EWF 4 (59
33°22.227, 7] 126°26.963)¢l|A] &z]. 2922 Pelo-
monas aquatica (16S rRNA A} x=: 98.35%).

19. Pelomonas sp. JW4100910-R01

dl

2, 4 Fel, A, =42 %ﬂi gz 94,
7, 2% 244 AP 20NE 23 =59 whanatk ofA utb
S Bl YA e BF A WS 1Y, 1)) '
2% cdtricacidil o] & b, YA = 2% A4 vkg-
© 2 o]&3}x] &3 F2 A|ukilkS 16:00(30.65%), 17:0
cyclo (15.78%), 12:0 aldehyde and/or 14:0 30H/16:1 iso |
(13.33%), 16:1 w7c/16:1 wbc and/or 16:1 w6c/16:1 w7c
(11.71%), 18:1 m7c and/or 18:1 w6c (8.98%), 14:00(7.2%).

T35 IWA4100910-R01, A F = £2-EwlE] £2] (&
9] 33°21'54.09”, 7 126°27'05.01")| A Hg]. Z2H=
2 Pelomonas puraquae (16S rRNA f-A1=: 98.21%).

il
of

20. Pseudogulbenkiania sp. JS1100901-02

43, A8 =9, Uk, sl oln] ¢ =8t Z=u] A,
T 23 4. API 20NE 23} obd Al 24, Qs AL,
esculin 7} 9! gelatinase 842 ofA] o]z, A AL 3t
, =% &, arginine dihydrolase, urease, PNPG (j3-
galactosidase) &84-2 Aoz Jehd 127 sade
B o]4 B3 F9 x|HkAlS 15:.0 anteiso(39.06%), 15:0
is0 (23.58%), 14:00 (7.84%), 14:0 iso (6.29%), 13:0 anteiso
(5.24%) % 13:0is0(4.16%).

o) 273 JS1100901-02. A F= %—3——%\%‘ g &R (&
33°21'54.09”, 57 126°27'05.01")ol| A 2. —2—03&2
Pseudogul benkiania subflava (16S rRNA /\]-_‘F_ 94.82%).

0

21. Undibacterium sp. HM E6890

}—3— 7+, 1% &4, APl 20NE 2
= v 3 &4, 127H $1-2 D-glucose, D-mannosg, D-
mannitol, -acetyl-glucosamlne D-maltose, adipic acide]
A kA WS YeRd, Fo Aualo 2 Cl61 o7d
C16:1 w6 and/or C16:1 w6c/C16:1 w7c (59.35%), C16:0
(28.58%).

W &=FF HMEBBIO, Al = #->E% 574 (F9] 33°
22234, =7 126°26.961)| A Ez]. 24932 Undibac-
terium pigrum(16S rRNA -f-A}=: 97.23%).

22. Variovorax sp. JSC-R3-121-14

A =z A 7, 1% 24 APl 20NE 23}

T ureases AlQ3lae BF A vhE 127 A
L-arabinose, D-mannitol, gluconic acid, adipic acido]& 7}
S UHAE mF oA me, F9 xubalke 150 anteiso
(51.09%), 16:0(10.99%), 17:0 anteiso (6.61%), 12:0(5.27%).

o 75 ISC-R3-121-14, A|F = £2Ew ] 5] (2
Q] 33°42, 7] 126° 46 )0l A Hz]. Z9=2L Variovorax
ginsengisoli (16SrRNA AL 98.8%).

5 2

AF= 42295 x4 Betaproteobacteriac] =
Shepd e mARIY T AR TR 2755 sy
o #2529 16SrRNA #3432+ 9711 dE #4935 25
Burkholderiaceae (375), Comamonadaceae (84), Oxa-
lobacteraceae (5¢-F) ¥ Neisseriaceae (57F) 5 4 3
o] &3t 154, T8|3 4<% nAke] Burkholderiales A<
14 (17-5) o2 ZA 59t} Chromobacterium 4ol 43
3%9) Al B{7 TR E 813}y 1, Burkholderia, Coma-
monas, Pelomonas 2! Herbaspirillume] 4&0)|= Z42; 2
4, 283 YR &2 47 15349 ARRe TR
2 S8 & ook olF A¥FE Fuol da) Ju)
3 owjershy 542 w43t vlgel =L 9 AP

1
2NE 348 AAole] 2259 A ool T

==

Ab A}

® ATE PR FHATALB] ADahe A
2 A7 Abgd A AFH) ALE o}

ok

o 2
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