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Precise Species Identification by Whole-
Genome Sequencing of Enterobacter
Bloodstream Infection, China

Appendix 1

Appendix 1 Table 1. Classification and nomenclature of the genus Enterobacter as of December 2018*

Hoffman GenBank accession no.

Species cluster  Reference Type strain or current species name
Species name for validation (n = 14)

Enterobacter asburiae I Q) JCM 6051 CP011863

E. cancerogenus - ) ATCC 35316 ERR1854846

E. chuandaensis - 3) 0900287 QZCSs00000000

E. cloacae Xl ATCC 13047 ERR1854846

E. bugandensis IX 4) EB-247 FYBIO0000000

E. hormaechei VI (5) ATCC 49162 MKEQO00000000

E. huaxiensis - 3) 090008" QzCT00000000

E. kobei Il (6) ATCC BAA-260 CP017181

E. ludwigii \Y ) EN-119 CP017279

E. mori - (8) LMG 25706 AEXB00000000

E. soli - 9) ATCC BAA-2102 LXES00000000

E. tabaci - (10) YIM Hb-3 N/A

E. xiangfangensist VI (11) LMG 27195 CP017183

E. sichuanensis - (12) WCHECI1597 POVL00000000
Species in doubt (n = 2)

E. muellerit - (13) JM-458 FXLQO00000000

E. siamensis§ - (14) C2361 N/A
Species hame awaiting validation (n = 3)

E. timonensis - (15) mt20 FCOP00000000

E. chengduensis - (16) WCHECI-C4 MTSO00000000

E. roggenkampii \% a7) DSM16690 CP017184

Species listed in LPSN but moved out of E. (n = 20)
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Hoffman GenBank accession no.

Species cluster  Reference Type strain or current species name
E. aerogenes (18) ATCC 13048 Klebsiella aerogenes
E. agglomerans (29) ATCC 27155 Pantoea agglomerans
E. amnigenus (20) ATCC 33072 Lelliottia amnigena
E. arachidis (20) KCTC 22375 Kosakonia arachidis
E. cowanii (20) CCUG 45998 Kosakonia cowanii
E. gergoviae (20) ATCC 33028 Pluralibacter gergoviae
E. helveticus (20) JCM 16470 Cronobacter helveticus
E. intermedius (21) ATCC 33110 Kluyvera intermedia
E. massiliensis (22) JC163 Metakosakonia massiliensis
E. nimipressuralis X (20) CIP 104980 Lelliottia nimipressuralis
E. oryzae (20) LMG 24251 Kosakonia oryzae
E. oryzendophyticus (23) LMG 26432 Kosakonia oryzendophytica
E. oryziphilus (23) LMG 26429 Kosakonia oryziphila
E. pulveris (20) DSM 19144 Cronobacter pulveris
E. pyrinus (20) ATCC 49851 Pluralibacter pyrinus
E. radicincitans (20) CIP 108468 Kosakonia radicincitans
E. sacchari (11) CGMCC 1.12102 Kosakonia sacchari
E. sakazakii (24) ATCC 29544 Cronobacter sakazakii
E. taylorae (25) ATCC 35317 Enterobacter cancerogenus
E. turicensis (20) DSM 18397 Cronobacter zurichensis

*LPSN, The list of Prokaryotic Names with Standing in Nomenclature.

tThe species status of E. xiangfangensis has been doubted previously and it has been proposed as a subspecies of E. hormaechei rather than a
valid species (17,26). However, its type strain has only 94.48% ANI and 60.0% isDDH with E. hormaechei type strain ATCC 491627 (GenBank
accession no. MKEQO0000000). Therefore, E. xiangfangensis and E. hormaechei are clearly 2 different species.

FE. mueller is a later synonym of E. asburiae.

§lt has been proposed to reject E. siamensis because the 16S rRNA sequence of its type strain available in collections does not match its record in

GenBank (27).
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Appendix 1 Table 2.

The 6 unnamed Enterobacter spp. identified in genomic study of Enterobacter bloodstream infection, China*

Species

assignation Representative strain Genome accession no. Closest species isDDH (%)t
Taxon 1 DSM 14563% CP017186 E. xiangfangensis 66.6
Taxon 2 e362 FKDT00000000 E. roggenkampii 65.4
Taxon 3 e773 FKGE00000000 E. asburiae 65.3
Taxon 4 2032 FKBK00000000 E. asburiae 52.0
Taxon 5 e483 FKEG01000000 E. asburiae 49.6
Taxon 6 153C2 QMCQ01000000 E. xiangfangensis 52.8

*isDDH, in silico DNA-DNA hybridization.

TisDDH values between the representative strain and the type strain of closest species.

FStrain DSM 14563 has been proposed as the type strain of E. hormaechei subspecies Hoffmannii. However, the strain has only 94.13% ANI and

58.0% isDDH with E. hormaechei type strain ATCC 49162T (GenBank accession no. MKEQO0000000). It is clear that the E. hormaechei subspecies

hoffmannii is actually not a subspecies of E. hormaechei but rather represents a new, unnamed Enterobacter species. In this study, we temporarily

designated the species taxon 1 for simplicity.

Appendix 1 Table 3. Profiles of sequence types in genomic study of Enterobacter bloodstream infection, China*

Closest STt

ST Species dnaA fusA gyrB leuS pyrG rplB rpoB (no. of allele difference)
1 E. cloacae 1 1 1 1 1 1 1
12 E. ludwigii 13 2 45 24 52 2 14
50 E. xiangfangensis 4 4 4 6 37 4 25
78 Taxon 1 8 9 6 9 9 6 8
97 Taxon 1 59 9 62 9 62 25 6
104 Taxon 1 59 40 76 9 70 6 6
127 E. xiangfangensis 46 20 74 44 45 24 6
171 E. xiangfangensis 49 21 19 44 45 12 32
316 Taxon 1 59 88 82 9 67 6 6
337 E. xiangfangensis 67 21 9 129 45 12 32
418 E. xiangfangensis 53 35 154 44 45 4 6
499 E. bugandensis 164 18 183 200 120 8 29
519 E. cloacae 1 107 158 1 168 36 1
528 E. hormaechei 95 56 112 116 104 4 63
550 E. xiangfangensis 179 4 4 6 112 4 6
568 Taxon 1 189 9 12 9 67 6 6
696 E. hormaechei 225 140 93 268 224 109 141
718 E. bugandensis 140 18 248 31 230 8 29
828 E. xiangfangensis 9 4 14 61 257 4 9
879 E. asburiae 152 15 102 15 101 11 133
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Closest STt

ST Species dnaA fusA gyrB leuS pyrG rplB rpoB (no. of allele difference)
922 E. cloacae 169 107 61 168 36 77 1

984 E. roggenkampii 65 57 49 94 49 12 47

N1 E. huaxiensis nl nl nl nl nl nl nl None

N2 E. roggenkampii 191 n2 254 193 49 12 26 613 (3)

N3 E. xiangfangensis n2 20 148 44 45 4 6 886/916/986 (1)
N4 E. xiangfangensis 4 4 15 4 11 30 6 111/981 (2)

N5 E. xiangfangensis 58 22 14 6 39 4 9 79 (1)

N6 E. xiangfangensis 58 41 14 6 69 4 n2 106 (1)

N7 E. xiangfangensis 178 4 4 6 92 4 6 542 (1)

N8 E. xiangfangensis 4 37 4 6 42 4 6 329 (1)

N9 E. chuandaensis n3 n3 n2 n2 n2 n2 120 573/944 (6)
N10 E. bugandensis 309 18 n3 n3 34 8 n3 1084 (3)

N11 E. sichuanensis n4 98 170 n4 n3 68 n4 472/607/738/847 (4)
N12 E. asburiae n5 15 n4 124 n4 11 68 319 (3)

N13 Taxon 1 59 9 n5 n5 79 37 n5 157/419/792 (4)
N14 Taxon 2 151 108 n6 n6 n5 14 93 474 (3)

N15 E. xiangfangensis n6 69 19 44 64 4 32 270 (2)

N16 E. bugandensis 140 18 n7 31 230 8 29 718 (1)

*N1 to N16 are new sequence types. New alleles are temporarily assigned nl to n6. ST, sequence type.

tFor new sequence types only.

Appendix 1 Table 4. Single nucleotide polymorphisms between the 3 ST78 strains in genomic study of Enterobacter bloodstream

infection, China*

Strain 090039 090030 090019
090039 - 1,052 814
090030 1,052 - 306
090019 814 306 -

*The 3 genomes were mapped against the complete chromosome

sequence of ST78 strain AR_0050 (GenBank accession no. CP021896)
by using Parsnp version 1.2 and alignment was obtained by using Harvest

(28).
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Appendix 1 Table 5. Complete genome and antimicrobial resistance genes of strain 090011 and strain 045001 in genomic study of Enterobacter bloodstream infection, China*

Genes mediating resistance to

Replicon type, Sulfonamid
Strain Size, bp Inc B-lactam Aminoglycoside Fluoroquinolone  Fosfomycin  Rifampin e Tetracycline  Trimethoprim
090011
Chromosome 4,639,926 - blaacrz fosA
pNDM5_090011 46,161 X3 blanom-s
pCTXM65_090011 102,543 FIA, FIB, R blactx-m-es, blarem-1s aadA16, aac(6")-1b-cr arr-3 sull tet(A) dfrA27
aac(6")-1b-cr
045001
Chromosome 4,698,270 - blactx-m-15, blaoxa-1, aac(3)-lla, aac(6'")-Ib-cr, fosA
blaacrt.z aac(6")-1b-cr qgnrB1
pNDMZ1_045001 85,718 Fl blanpy-1, blarems rmtB tet(A) dfrAl4
pl_045001 78,247 ND
p2_045001 2,496 ND

*ND, undetermined.
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MMCREST FYLUZ000000  aputum Mz usA 3
VNCREN  YWPOIO003) 2011 usk 3
WMCRESD JTDCO0000000  wine 23 USA -3
VHCRESL  SYMDGOO000 e 2013 ush 3
MDA FNRO00000000 Lrine MO USA <3
WMCHES JYLYOO000000  blocd FND USA -3
MMCRE1S SYLZOM000000  aputum M0 USA -3
MMCRETT SYVI0000000 KA 20 USA 3
VNCREE  JYLWODOODNO wine 2019 usA 3
WMCRET JYLKDO000000  blood 2M0 USA -3
NOE TTCAODN00 lisswr 2010 ush 3
ND12 JTCADNNO0000  Lrine N1 USA <3 Bl
k N JTCTXO000  bockly fhad. N USA -3
MMCREAS JYMCO0000000 Bone INE USA -3
NOE FTCGO000000 teves Mz usa 3
N1 A0 e M2 Ush 3 4
HD14 JURE00000000  wrine 22 USA -3
‘[ VHCREXS  JZCVDOMN00M0 bronchoshveclas Lavege 211 USA 3
WMCREID JYWBOO00000) wine 2N USA <3
WMMCRE JYMAIOD00000  urine 20 USA -3
MMCRED JIDE0N00000  sgutum 008 USA -3
- VNCRET!  JZDBII00M0 wound Mz usa 3
VHCAEZD  YWMOOION) wring 211 ush 3
WMCREST JYMLO00JD000  trachea 2M2 USA -3
‘F NS RRCOOI0 e 2012 usA 3 -
NOT i HNE USA <3
NMCRESS FDO0000000  urine 2NE USA -3
NOGD JTCCO0000000  Lrne FNF USA -3
N4 JFBOOOOOD00  beses FNZ USA <3
NCB JUELCO0000  bleed M0 ush 3
NDE JAPRDOCC0000  tisswe 2M2 USA 3
N1 bhood 2012 USA 3
ND10 JTEZO0000000  wine 212 USA 3
- ND18 JARAO000000  wrine 2T USA -3 =1
MMCRESS JPCHOOODND Lrne NI USA -3
E NO1E JUR0000000 unne FNZ USA <3
ND1E JTCBINNN00M  tevee M2 USA -3
34996 LANFDO000000 NA 2M2 uSA 3
fn JZZUODIN00 NA 2012 uSA 3
35019 KA 2NE USA 3
024 JLIRIO00000 NA 2T USA -3
i LAADOOOOX) NA M2 ush 3
MaTR CPM218s béary fsd N1 USA <3
3504 LAAT 0000000 1 USA -3
L 349896 LAAMDOOOD000 MA 22 USA -3
— 313 LAAZOOUOO03) NA 2011 usA 3
AR 0053 CPOTTS KA HA NA <3
—{ Maan LAAJODOO000  MA 2NMZE USA -3
300 LAAROOOOM0 A 011 usa 3
- MMCRE1S JYMIOOI00000  parforaal N1 USA <3
I AR_0002 CROMRE N M HA 4
L 40334 00000 blood 23 USA -3
- 3556 JTVI0000000 NA 2013 ush 3
BIDMC 304 KNE2510 resparatony 2MZ2 USA <3
r 42044 JIYDONN000 NA 2N USA -3
35098 0000000 NA 012 ush 3+
— SMART_1160  LRESOOOC0000 24 USA =3
C 1 XSO e ann usa 3
| 31813 LAAAOO0000D N0 USA <3
-E 1an JTVKI0000000 NA 2013 ush a
4148 HOFADODOOOD) Bleed 2M3 USA -3
2]M LADADODONO00 NA 2008 USA -3
E 131 LABCOODOO30 NA 2000 UsA 3
28585 LAAZDON00000 WA 2008 USA =3
Lres Ty LAASIO00000  NA N USA -4
MIGH 7 KSTI0 wound 0E USA <3
ey JTVEDD000000 NA 2013 ush 2
42333 JTYFOODO0000 KA 2M3 USA 2
— 21775 FRASO0000000 blocd 008 UK
GNOJTIS  LRCKINO0G0D) NA 2010 usa
EC_B43 LRZO0000000  sputum N2 ScutnAfiica 1
CCBHIONG  JSBOOOOOM0N rects swab 22 ezt 1
0055 RXRYOO000000 biood FNE China 5
45001 thoce 2018 China )
00059 blead 2ME China 5
e ko d RAAFO0000000 blood 28 China 5
omiazs FOGI0009000 blowet 2013 China 5
030011 RAMCAMOO0OC00 biood 2NT China 5
SMART 1057 LPONGOGOO00D NA 203 Gatersals 1
12 2N1  Colombia -2
_| — ~ SMAST 64 LPOTOOOONN NA 2010 Colomtia 2
— ATINRIE2_1 PRXROCCO0I0D wing 2013 USA ]
o BWHEY K20B0875 KA 24 USA -4
— VGHIM NGRKIO00000 NA 2015 usk 4
BIDMCES KO088aaT KA 24 USA 4
C BOMC S KUMIE lseee 2013 ush - et
BWYH 3T KSTI1ST rectal swab HNE USA -4
s A0 2005 UK -4
w3 FRAHO0000000 Blecd DM UK -4
FRELOG000000  bload 002 UK 1
#1370 FAVOO0DI000 blsed 2008 UK 4
pares LTA000000 blosd 2007 UK 1
ubt8 FRAID00000  biood 200 UK -
/1623 F. bbood AT UK -4

Appendix 1 Figure 1. Phylogenomic tree of Enterobacter species. Phylogenomic tree based on the
concatenated nucleotide sequence of the core-genes of type strains of species belonging to the genus
Enterobacter (Appendix 1 Table 1) and representative strains of the 6 new species (Appendix 1 Table 2)
as described previously (12). The species and strain name are shown and accession humbers are
indicated in parentheses. The tree was inferred by using the maximume-likelihood algorithm. Bootstrap
values >50% (based on 1,000 resamplings) are indicated by the dotted lines. Scale bar indicates 0.4 nt

substitution per site.
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Sarain Accossicn no. Seurce Year Location HPC HOM we
4 teonchicles 01 UsA 3
[— MMCRES1  LOEOOOM00000 nephrelcdrsinbuid 2013 USA a
MNCREES urng M3 USA 3
AR_0138 CPOZ1902 HA HANA a
MNCREM HZCYOO000000 s W01 USA -3
MMCREZS  JYMCOODO0000 wing 011 usA a
- MMCRESS JZCIN0N0M0  urna W2 USA -3
MMCREIZ  JYMCO0DO0000 uring 012 UsA 3
L MHCRETS  LOENDDODDOOO urine 2013 UsA a
{ MBCRE4Z  JYLOOODDO00D wring 2012 USA 2
MNCREAT  JYLADODO0000 sputum 12 UsA a
MNCREN  JZDGOOONN00D sputem 012 usA 2
MNCREST  JYLLOOD00000 sputum 2012 USA a
MHCREN  JYMPOOOOIOOD wine 011 usa 2
MHCRESD  JZDCO0000000 urine 2013 usA a
MNCRES SPMDOOO000N0 uriney I USA -3
DA IWROO0000000 wring 2010 USA a
L AFLYDOOCO000  tioad 010 USA -3
MHCRETE  JYLZDOD00O00  sputum 2010 USA a
MHCRETT  JYMIOOO00000  NA 2000 usA 3
MNCARES JILNDDO00000 wring 2010 USA a
MHCRET ATLNO0000000  tiood 00 USA 3
NOC JTCHOOO00000 fssue 2010 USA a
HD13 JTCAGOO0000 wring 20m Usa 3 a
1 JTCO00000000 bexSiy i 011 usA a
MNCREAS JYMCO0O00000 bone W2 uSA k]
JTCGO0000000 tssue 012 UsA a
NOT AJUHVDO000000  urna W2 USA -3 Bl
D14 JUHADOD0000D wine 012 usA a
'[ MWCREIS  JZCVOOOOO0O0 beonchoahveciar Lavage 2011 USA 3
MMCREI)  JYMBOOOODO0O uring 2011 USA a
MHCREZR  JYMADOODO000 urine 2010 usA a
MNCRED JZDECOOONO00  sputum. 009 USA 3
— MMCRET!  JZDBO0OD000 wound 2012 USA 3
MMCREZS  JYMKOOODOO00 wine 011 usA 2
MHCREST  JYMLO0OO00OO 012 usA a
% NDS JUICDO000000 vy MM USA -3 A
HOT JTCFODOO0000  tissue 02 usA a
MNCRESY E: urine T USA -3
D20 JTCCO0000000 wring 012 usA 3
ND4 UIBOOOCOO00  tasue MW USA -3
HDE JUIEOO000000  bicod 010 USA a
HDD JUIDO0000000  tissue 2 usA E]
E D1 tiood 012 uUSA a
ND1O JTBZOCO0N0  urne MW USA 3
- D13 JULADO0O0000  wring 2012 USA a el
MNCREM SZCWOO000000 urna W3 uSA 3
f D12 JUHWOOIC0000 wring 012 USA a
ND18 JTCBOOO0000  tessue. W2 usA -3
34996 LAAFOO000000 HA 012 USA a
35004 JZIMOO000000 HA Mz usa a
35010 JZZSO000000 WA 2012 USA El
as024 JZZAOO0OO0D HA 2012 USA 3
W LAAGOOOO0000 NA M USA -3
Er ] CPOIZIGS bilary fuid 20 usA 3
804 LAATOO200000  NA 011 UsA 3
U b el LAAKDOOO0000 NA M USA -3
— 33813 LAADO0000000 2011 usA a
AR_D053 CPUITIE  NA MAMA 3
—1 LAAIONO00000 012 usA a
LAARDOODOOOO A W01 USA -3
MHCRE1S  JYMJIOO0DO000 pestoneal 2011 USA a
ﬂ—_ AR_00G2 PO HA NA NA 3
a0sas NOFCO0000000 biood 013 usA a
— 43555 ATVBOON00D  NA I USA 3
BOMCIIA  KNO126W0 respiaony 2012 USA a
— A ATVDO0000000 NA W3 usA 3
JZZLODXO0X0  HA 012 UsA a
- SMART_1160  LRES(0000000  uring M4 USA a
T PHXSOIO00000 wring 011 usA a
EiLk] LAAWGO000000 NA W0 USA -3
'E 41948 JZYRDO00000 WA 013 usA a
41548 NDFADOO00000  blood 2013 USA 3
2134 LABADDOOODOO A 009 USA -3
f 28131 LABCOODO000D HA 2008 USA a
LAAZOO000000  NA 009 USA -3
LAAVDO000000 HA 2001 usA a
MGHT KITET0 wonnd 008 USA -3
JZVEDOOOOO00 HA 2013 usA 2
4213 ATVFOR000000  NA M3 USA E
1775 FRASO0000000 biood 2008 UK
GROSTIA LRCKOOOM000 NA. W0 USA
EC_B43 LRIZDOO0O000  sputem 2012 Seuth Aica 1
CCBHIONZ  JSBO00000000 rectal swaby T Benzd 1
090055 RXRYD0000000 biood 018 Crina 5
045001 RAPOOO0000 biood 2018 China 1
090059 tiood 018 Crina 5
00022 RXRFO0000000 biood M8 Chna 4
090023 GO0IC00D bicod 018 Crina r
0R0011 CUO000000 blood 27T China el
SMART_1057 LPONDOOODOOO NA 013 Guatemals 1
2 2
_i_- LPOTOOMN000 HA 210 Colombia 2
171 NRIAZ 1 PRXROO0O0000 203 usA -
KOORGETE  NA 014 USA +
MGHIY NGRKO0000000 HA s usA "
KO0B0T HA 2014 USA +
BOMCES  KKTI6214 tssue 2013 usA - 3
BWH 37 KIOTI0T il gwab Wz uUsA -
o125 FAWZ00000000 biood 2008 UK -
8T FRHHD0O00000 tiood 2004 UK “+
wean FRFLODDO0000  biood 2003 UK -
o139 FroO00000000 tiood 006 UK -
wigar FIZWO0000000 biood 2007 UK -
o7 FRAIO0000000  tiood 004 UK -
w1823 FIZVOI000000  biood 2007 UK “

Appendix 1 Figure 2. Phylogenomic tree of ST171 Enterobacter strains. Strains in this study are
highlighted in red. The strain name, accession no., sample type, year and country of recovery, and
carbapenemase genes are shown. Among 108 ST171 strains (102 from GenBank and 6 in this study), 2
strains, 1481 and 1486, had >20,000 single nucleotide polymorphisms compared with other strains
(Appendix 2 Table 3), suggesting different origins. These 2 strains were therefore removed from the

phylogenomic tree. NA, not available.
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