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Few bacteria are resistant to tetracycline and can even bicghrade tetracycline in
the environment. In this study, we isolated a bacteriunPandoraea sp. XY-2, which

could biodegrade 74% tetracycline at pH 7.0 and 30C within 6 days. Thereafter, we
determined the whole genome sequence ofPandoraea sp. XY-2 genome is a single
circular chromosome of 5.06 Mb in size. Genomic annotationisowed that two AA6 family
members-encoding genes and nine glutathione S-transferas (GSTs)-encoding genes
could be relevant to tetracycline biodegradation. In addibn, the average nucleotide
identities (ANI) analysis between the genomes oPandoraea sp. XY-2 and other
Pandoraeaspp. revealed thatPandoraeasp. XY-2 belongs to a new species. Moreover,
comparative genome analysis of 36Pandoraea strains identi ed the pan and specic

genes, numerous single nucleotide polymorphisms (SNPs)nsertions, and deletion
variations (InDels) and different syntenial relationskipn the genome of Pandoraea
sp. XY-2. Finally, the evolution and the origin analysis ofeges related to tetracycline
resistance revealed that the sixtetA(48) genes and two speci cgenestetG and tetR

in Pandoraea sp. XY-2 were acquired by horizontal gene transfer (HGT) ents from

sources related to Paraburkholderia Burkholderia Caballeronig Salmonella, Vibrio,
Proteobacteria, Pseudomonas, Acinetobacter Flavimaricola,and some unidenti ed

sources. As a new species,Pandoraeasp. XY-2 will be an excellent resource for the
bioremediation of tetracycline-contaminated environmen

Keywords: Pandoraea sp. XY-2, tetracycline biodegradation, genome sequencing,
tetracycline resistance

comparative genomic,

INTRODUCTION

Tetracycline represents a major proportion of the broad-speutrantibiotics widely used in
prevention and therapy of human and animal diseases and as gryaior animal growthifluber,
1971; Mesgari Abbasi et al., 2011; Wan et al., 2013; Leong 20%). Because antibiotics cannot
be absorbed or metabolized completely by the animals, 30—-9@%tibfotics are excreted into the
environment via urine and feces as the unmetabolized par@mpound Bound and Voulvoulis,
2009. Residues of antibiotic has increased the frequency okbatal gene transfer (HGT) and
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resistance gene xation in genomes, leading to the developmeresistance to ampicillin, extended-spectrum cephalosporins,
of diverse resistance genes in genomic islan@slifgs and aztreonam, aminoglycosides, and meropenemar(eshvar
Stokes, 2012 Residues of antibiotic in the environment could et al., 2001; Stryjewski et al., 20030 date, Pandoraea
cause the emergence and development of antibiotic-resistagpp. have been considerably attractive for biotechnological
genes and bacteria, which brings profound negative impacts aspplications with various degradation abilities such asifign
the health of human and animalsCiee-Sanford et al., 2001; degradation, polychlorinated biphenyls (PCBs) biodegraaati
Daghrir and Drogui, 2013; Zhu et al., 201 ompared with and chlorobenzen degradatio®4ptista et al., 2010; Dhindwal
other conventional methods such as hydrolysis and photslysiet al., 2011; Shi et al., 2015 addition, Pandoraeapp. used for
microbial degradation of tetracycline is considered to e abioremediation were essentially isolated from the enviremin
inexpensive, eco-friendly, and high e cient technology fttte  such as rotten stumps, petroleum re nery waste, and municipal
removal of tetracycline from the environmentifo et al., 2008; wastewater treatment plantSarkar et al., 2017; Fang et al.,
Migliore et al., 201p In recent years, there are only a few2018; Yang et al., 20L&8However, to our best knowledge, no
tetracycline-degrading microorganisms that have beenntedo documentation of tetracycline biodegradation in the gerods
Zhang et al. (2015found that 57.8% tetracycline could be Pandoraeahas ever been reported to date. Moreover, there
degraded byAdvenella kashmirensivhich was selected from are relatively few analyses on the comparative genomics of
sewage of a pharmaceutical factobyeng et al. (2016have Pandoraegenus.
isolated tetracycline-degrading bacteBiamaltophilisstrain DT1 In the present study we report that a tetracycline-degrading
from sewage of a contaminated soil. bacterium,Pandoraeap. XY-2, was isolated and its tetracycline
Most antibiotic-degrading bacteria are drug-resistancéviodegrading behavior under various time, temperature, and
bacteria because they need to survive in the presence ioftial pH was investigated. To further investigate the gero
antibiotics to play their role of degradation. There are #are structure and function ofPandoraeasp. XY-2, we performed
mechanisms of tetracycline resistance: a ribosomal priotect whole genome sequencing and annotation Bandoraeasp.
mechanism, an e ux pump mechanism, and an enzymaticXY-2 using the Pacic Biosciences RSII single-molecule-real
inactivation mechanism Speer and Salyers, 1989; Thaketime (SMRT) platform and other related functional annotation
et al., 2010; Roberts et al., 2D1lleng et al. (2017have found databases. We then calculated the average nucleotideitident
that ribosomal protection and e ux pump mechanism were (ANI) and digital DNA-DNA hybridization (dDDH) values
presented in the tetracycline resistance sti@ianotrophomonas between the available genomes of the whd&andoraea
maltophiliaDT1.Leskiet al. (2013pund that various pathogens, group in order to ascertain whethePandoraeasp. XY-
such aKlebsiella pneumoniand Bacteroides fragilisontained 2 represented a new species within tRandoraeagroup.

a avin-dependent monooxygenase encoded geteX), which  Additionally, we constructed the genomic evolution events
can inactivate tetracycline. involving this strain and compared the gene and genomic
The third-generation sequencing platform PacBio RS Il andstructure with those of closely relate®andoraeaspecies
annotation analysis of the whole genome data can o er inadas to assess the phylogenetic relationship, genetic diversity an

read lengths, unbiased genome coverage and identify thesgergenomic structure variation. Finally, the genetic traiteda
involved in the xenobiotic biodegradation and drug-reaiste evolutionary history of genes related to tetracycline sesice
(Ferrarini et al., 2013; Kim et al., 2015; Huang et al., 018in genusPandoraeawere investigated. The insights gained in
Jung et al. (2012have identi ed the genes related to pectin this study provides information useful for further clarifyirie
metabolism in pectin degradeklishewanella aestuarB11(T) molecular mechanisms behind tetracycline biodegradatiod
based on genomic analysis. Moreover, comparative genomiossistance.

analyses can reveal the molecular implications associaitéd w

genetic diversity a ecting the evolutionary origin and holese MATERIALS AND METHODS

genetic di erences are generated among distinct lineagesd

et al., 201% In particular, the phylogeny, the genetic traits Chemicals, Sampling, and Media

and the evolutionary history of specic resistance pathway#ll chemicals were purchased from Sinopharm Chemical
can also be obtained through comparative genomic analysReagent Co. Ltd., including tetracycline standard, tryptone
(Wang et al., 2017 Comparative genomics analyses can shegleast extract, NaCl, glucose, chromatography grade methano
light on the genetic basis underlying the degradation gbiid  and acetonitrile, analytical grade sodium dihydrogen phosphate
organic contaminants of bacteria. Therefore, investigatihe oxalic acid, disodium ethylenediaminetetraacetate, andcci
resistance mechanisms in the tetracycline resistant baatthe acid.

molecular level is important to predicting the environmenfizie The soil sample was obtained from the sludge in the sediment
of antibiotics and assessing the biological impacts of &tiis pool of a pig factory using tetracycline antibiotics as feeditace
on the microbes in the environment. for a long-term (4 a) in Changsha. The average temperature and

The genusPandoraeavas rst proposed in 2,000 following pH value of the sampling location in this study was €0and
the isolation from the sputum of cystic brosis patients about 6.8. The latitude and longitude of our sampling locasio
(Coenye et al., 2000Today, a total of 10 species with valid are 28.1932 and 112.6973, respectively.
nomenclature Parte, 201} in the genus Pandoraeahave Lysogeny broth (LB) medium contained the following (in g
been described. Members Bfindoraeaend to exhibit broad L l):tryptone, 10; yeast extract, 5; NaCl, 5; glucose, 10. The pH of
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LB medium was adjusted to 7.0-7.2 before autoclaving at21 respectively. During the di erent temperature tests, the miti

for 20 min. pH was 7.0. During the pH tests, the temperature wasC30
] ) ] ] ] The nal growth of Pandoraeap. XY-2 and the biodegradation
Bacterial Strain Isolation and Identi cation percentage of tetracycline in temperature and pH tests were

0.1g soil sample was made into suspension with 10 mL steritaeasured only at the 6th day. All experiments were performed
water. One milliliter supernatant was added to the LB mediumin triplicates. The growth oPandoraeap. XY-2 was measured
(An additional volume of tetracycline stock solution waslad by a hemocytometer and the concentration of tetracyclinthim

to the culture medium so that the tetracycline concentratio medium was measured using HPLC.

was 20mg L1). The mixed solution was incubated at D

on a dark shaker at 150 rpm. After 3 days, 0.5mL of theyNA Extraction. Genome Sequencing
solution was inoculated into the LB medium containing 40 mgAssemny’ and Annotation

L 1 tetracycline and the other conditions remained unchange ic DNA ofPand XY-2 tracted using th
and then cultured for 6 days. The above procedures were repeat enomic otrandoragssp. A¥-2 was extracted using the
enomic DNA Extraction Kit (Tian Gen biochemical technojog

ntil the nal concentration of tetracycline reached 120 mg?. :
un ! ycl g Co. Ltd., Beijing, China).

After the enrichment, the solution was serially dilutedrfird0 ! . . .
. : Genomic DNA was sheared in a Covaris g-TUBE, and DNA
to 10 °, and then 0.5mL of each diluted solution was adde ) : '
C*ragments were then damage repaired, terminal repaired and

to petri dishes and daub uniformly. Six colonies with dierent = . ; . .
: . o puri ed using AMpure PB magnetic beads. SMRTbell libraries
morphology were obtained after multiple puri cations, and the prepared with DNA Template Kit 2.0 and quanti ed by Qubit

inoculated separately into LB medium for cultivation. Onhet trati Adilent 2. 100 d to detect the i ¢
isolate with a high level of degradation e ciency of tetratipe concentration. Agilent 2, was used fo detect the size o
the inserted fragments. Then, sequencing carried out using

was further analyzed. Finallpandoraeap. XY-2 was identi ed . .
. . . PacBio RS Il SMRT sequencing technology (Beijing Nuohe
th h 16S rRNA I ly d bedr .
roug r sequence analysis as previously descri iyuan Technology Co., Ltd., Beijing, China).

M ietal., 2035 .
(Mangwani eta ) De novogenome assembly of PacBio reads for XY-2 (91,372

Analytical Methods of Residual reads totaling 1,072,300,065 bp, mean length 11,735 bp, N50
Tetracycline length 16,735 bp) was conducted using the hierarchical genome

. . . ._assembly process (HGAP3 protocol and SMRT Link v.5.0.1
Concentration of tetracycline residues were analyzed bi-hig y P ( P

L software) Rhoads and Au, 20)5The mapping of assembled
performance liquid _chromatography (HPLC). A C18 reVerseo"contigs onto long reads from the PacBio platform was performed
phase column (Agilent Technologies) was operated atC30

. : . o by BlasR Chaisson and Tesler, 201After mapping, long reads
1

W'th. a 0.5mL min = mobile phase cqnsstmg of 10 mmpl t with high accuracy were assembled by the Celera Assemb(er v8
;qdlum dihydrogen phosphate solution and .acetonlt.rlle. The(Science New York, 20R0Then, the assembly resulted in one
|njec_t|on volume was 201, and the column gradle_n_t_eluuon was polished contig, which was a circular chromosome with no gaps.
monitored by a UV detector at 360 nm. Five milliliter solution Gene prediction carried out by GeneMarkS software (http://
flrgrrzir?alfgu:ﬁﬁ;ﬁ;:ﬁiiéﬁggﬁ%ﬁs Zzitfe’?j?g argrennt?ff: Aor topaz.gatech.edu/). The tRNAscan-SE v1.3.1 and rRNAmmer

S . tigee 1.2 were used for identifying tRNA and rRNA, respectivel
containing 4 mL NaEDTA-Mcllvaine bu er, then 1 mL n-hexane v W u ! ifying pectively

. Schattner et al., 2005; Lagesen et al., RAdditionally, online
and 1 mL chloroform were added, and the mixture was shaked fc\gl\/eb-based tool Island Viewer v.3 was used for detecting ggmom

2min and sonicated for 30 s. After the mixture was centrifiige islands Dhillon et al., 2015 To predict Interspersed Repeats,

gt28;,000 rom for 15 min, ths supelrtnatan(tjwas Iteredd tttaofugh epeatMasker was use@hen, 200 Tandem Repeats were
: microporous membrane [ter and preserved atalor g i o for by using Tandem Repeat Finder v.4.@e(ison,

further testing with the previously described chromatogriph 1999. Finally, the gene functions were further investigated by

conditions. BLASTP using the following ve dierent function databases:
the carbohydrate-active enzymes (CAZy) database (httpWw
cazy.org/), the non-redundant (NR) protein database (http://
www.ncbi.nlm.nih.gov/protein), the clusters of orthologou
groups (COG) database (https://www.ncbi.nlm.nih.gov/CQG/)
the GO database (http://www.geneontology.org/), and th&KE
database (http://www.genome.jp/kegg/pathway.html).

Tetracycline Biodegradation Experiments

In order to obtain the optimal conditions foPandoraeap. XY-

2 biodegrading tetracycline, we studied the growtlrahdoraea
sp. XY-2 and the biodegradation percentage of tetracyclireun
various culture time (i.e., 1, 2, ..., 8, 9 day), temperat(res
20, 25, 30, 35, 4@Q) and initial pH values (i.e., 5.0, 6.0, 7.0,
8.0, 9.0). Only biodegradation was considered becauselygis . .
of tetracycline could be ignored during the testing periodAVErage Nucleotide Identity (ANI)

(Supplementary Figure 1 In these experiments, the amount of Calculations and Phylogenetic Analyses

each bottle of culture solution was 150 nftandoraeasp. XY- Before ANI analysis, the 16S rRNA sequence of type strains of
2 culture solution was inoculated to LB medium containingPandoraeapp. were retrieved from the EzTaxon server (http://
50mg L ! tetracycline at 3% inoculum concentration, and thenwww.eztaxon.org/Jongsik et al., 200.7Comparative sequence
placed on a dark shaker at 150 rpm. During the culture timeanalysis of the 16S rRNA gene B&ndoraeasp. XY-2 agaist
tests, the temperature and initial pH were 3€ and 7.0, the type strains oPandoraeaspp. was implemented within the
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server. The phylogenetic treelé&ndoraeasp. XY-2 based on the For variation analysis, we usB. apistaDSM16535 as
16SrRNA gene sequences was constructed using the NJ metheterence strain. The single nucleotide polymorphisms (SNPs)
in MEGA v7.0 with 1,000 bootstraps replicatioriéufmar et al., were identi ed by aligning sca olds to reference using MUMmer
20149. 3.06 packageK(urtz et al., 200§t Reliable SNPs were obtained
Reference genomes for comparison purposes were retrievatter using BLAST, TRF, and Repeatmask software to predict
from the GenBank database (http://www.ncbi.nim.nih.gov/the repeat region of the reference sequence, and Iter out the
genbank/). Whole genome comparisons to determine the ANBNPs located in the repeat region. InDels (insertion and aelet
between genome sequences were produced using JSpeciegvitions) were detected through gap extension alignment
database (http://jspecies.ribohost.com/jspeciesws) tbatBlast between the whole genontk novoassembly and the reference
alignments to evaluate whole genome homologies. Cut-ors fousing LASTZ software Harris, 200). Synteny analysis was
species delineation were 95% ANI on 69% of conserved DNperformed using MUMmer v3.06 package.
according toGoris et al. (2007)In addition, we also calculate . .
the dDDH values using Genome-to-Genome Distance Calculatd>€Nnes for Tetracycline Resistance
(Alsaari et al., 2005 The 70% species cut-o of dDDH usually The coding sequences that are resistant to antibiotic was
kept in taxonomic studies of bacterii¢nstantinidis and Tiedje, Predicted using the Resistance Gene Identi er (RGI) software
2007. in the Comprehensive Antibiotic Resistance Database (CARD)
The other 3%Pandoraeatrains {(Table 1) from NCBI database (Mcarthur and Wright, 201} After identifying the tetracycline
were selected to perform the phy|ogenetic ana|y53a|;fdoraea resistance genes, each resistance gene was Compared on NCBI
sp. XY-2. Firstly, the single-copy core genes were identi eflatabase to nd the genes with high similarity. Then, the
by core-pan analysis betweétandoraeasp. XY-2 and the 35 evolutionary history of genes for tetracycline resistances w
Pandoraeatrains. The number and total length of concatenatednferred using MEGA v7.0 Kumar et al., 2016 with the
single copy genes were 1,903 and 27,797 characters. Then, Mgighbor-Joining method with 1,000 bootstraps.
multiple sequences alignment of single-copy core genes w .
performed using MUSCLE software. Finally, phylogenetic tre enBank Accession Numbers

was generated using the NJ method in Mega v7.0 with 1,000'¢ Sequence data of the whole genomePahdoraessp. XY-
bootstraps replications. 2 have been deposited to NCBI data base, with the accession

number of CP030849.

Comparative Genomics Analyses RESULTS

We _used the Ba(_:tenal Pan G(_enom_e Analysis tool (BPGAI)Solation and Identi cation of

pipeline Chaudhari et al., 20)6o identify orthologous groups . . .

amongPandoraedesting genomes and to extrapolate the pan-1etracycline-Degrading Bacteria _

genome models of applying default parameters. The statistié{ter enrichment, isolation, and puri cation, 6 strains nad

information and details source of all testing strains used a XY-1, XY-2, XY-3, XY-4, XY-5, and XY-6 were obtained.

listed in Table 1 and Supplementary Table SIWe de ned the The colony morphology of strain XY-1 was round, white,

set of genes shared among all strains as their core genome, #Paque, while that of strain XY-3 was dry, white, uneven

set of genes shared with more than two but not all strains a§d9es. The colony morphology of strain XY-4, XY-5, and XY-

their accessory genome, the set of genes not shared with ottfe Was cotton-like, snow ake and uy shape, respectively.

strains in each strain as the speci ¢ genes and the set of nofill the strains were capable of biodegrade tetracycline, and

homologous genes with all testing genomes as the pan genonig® biodegrade percentage were between 36 and 65%. The

Finally, functional categories were assigned to geneestudty ~ Strain XY-2 was selected for further analyses due to its

the KEGG annotation previously described. highest ability to biodegrade tetracycline. The colony of
The size of Pandoraea pan-genome was extrapolated Strain XY-2 on LB solid medium was smooth and moist,

implementing a power law regression functi®g D kn9 using and was light milky white with neat edges. It is a gram-

a built-in program of BPGA pipelineGhaudhari et al., 20)6 hegative bacterium and has a short rod shape under a

whereP; is the total number of non-orthologous gene familiesScanning electron microscopeS¢pplementary Figure 2 and

within its pan-genomen is the number of tested strains, and has a size of 0.7mm (1.2-8) nm. After the 16S

both k and g are free parametersT¢ttelin et al., 2008 The rDNA sequence analysis of strain XY-2, it was concluded

exponentg < 0 suggests the pan-genome is “closed” consideringlat strain XY-2 belongs to genuBandoraeain molecular

the size of the pan-genome is reaching a constant as extPhylogenetic classication and it was namétandoraeasp.

genomes adding in. Conversely, species is predicted to harbor XY-2.

“open” pan-genome for & g < 1. Furthermore, the size of the . . .

core-genome was extrapolated tting into an exponential @ecaThe Optimum of Blodeg_radatlon

function Fe D keexd "™ 9 C « , with a built-in program of Parameters of Tetracycline by ~ Pandoraea

BPGA pipeline Chaudhari et al., 20)6whereF is the number  Sp. XY-2

of core gene families, whilk;, ¢, ande are free parameters Figure 1 shows the e ect of incubation time on the growth

(Tettelin et al., 2006 of Pandoraea sp. XY-2 and tetracycline biodegradation
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TABLE 1 | Genomes statistical information of the 36 strains used in th study.

Organism GenBank accession Level Source Size (Mb) GC% Gene

P. pnomenusaDSM 165367 CP009553 complete clinical 5.39 64.9 4834
P. pnomenusaRB-44 CP006938 complete environmental 5.39 64.9 4841
P. pnomenusa3kgm CP006900 complete environmental 5.43 64.7 4886
P. pnomenusaRB38 CP007506 complete environmental 5.38 64.8 4786
P. pnomenusaMCB032 CP015371 complete environmental 5.82 64.6 5252
P. pnomenusa 6399 GCA_000807775 contig clinical 5.58 62.8 4917
P. pnomenusa7641 GCA_000807785 contig clinical 5.57 62.8 4922
P. pnomenusaNCTC13160 GCA_900454355 contig unkown 5.47 64.8 4959
P. pnomenusaRB44 GCA_000523065 contig environmental 5.35 64.9 4820
P. norimbergensisDSM11628T CP013480 complete environmental 6.17 63.1 5439
P. faecigallinarumDSM23572T CP011807 complete environmental 5.24 63.7 4621
P. thiooxydansATSB16" CP014839 complete environmental 4.46 63.2 4147
P. thiooxydansDSM253257 CP011568 complete environmental 4.46 63.2 4138
P. oxalativoransDSM23570" CP011253 complete environmental 5.63 63.1 4985
P. apista TF81F4 CP010518 complete clinical 5.58 62.6 5005
P. apista TF80G25 CP011279 complete clinical 5.61 62.6 5023
P. apistaAU2161 CP011501 complete clinical 5.57 62.6 4974
P.apista FDAARGOS_126 GCA_002951195 complete clinical 5.33 62.7 473
P. apista LMG16407" GCA_001049515 contig clinical 5.54 62.7 5015
P. apistaPal4367 GCA_003034885 contig clinical 5.60 62.8 5060
P. apistaPal6226 GCA_002238015 contig clinical 5.72 62.7 5185
P. apista DSM16535" CP013481 complete clinical 5.57 62.6 5043
P. vervactiNS157 CP010897 complete environmental 5.64 63.6 4893
P. pulmonicolaDSM 165837 CP010310 complete clinical 5.87 64.3 5069
P. pulmonicolaNCTC13159 GCA_900454575 contig clinical 5.87 64.3 5085
P. sputorum DSM210917 CP010431 complete clinical 5.74 62.8 5071
P. sputorum NCTC131617 LT906435 complete clinical 5.74 62.8 5063
Pandoraeasp. 64-18 GCA_001899225 Scaffold unkown 4.88 63.8 4393
Pandoraeasp. B-6 GCA_000282835 Scaffold environmental 5.04 63.5 468
Pandoraeasp. CB10b_02 GCA_002216225 contig unkown 4.84 65.9 4638
Pandoraeasp. E26 GCA_000681415 contig environmental 5.48 64.7 4904
Pandoraeasp. ISTKB GCA_001721285 contig environmental 6.37 63.2 5592
Pandoraeasp. PE-S2R-1 GCA_002179865 contig environmental 6.23 63.1 5386
Pandoraeasp. PE-S2T-3 GCA_002179965 contig environmental 6.18 63.2 5327
Pandoraeasp. SD6-2 GCA_000389825 Scaffold environmental 5.77 62.5 847
Pandoraeasp. XY-22 CP030849 complete environmental 5.06 63.7 4974

aThis study. The details source and references of all testing strairese shown inSupplementary Table S1 .

percentage. The growth ofPandoraeasp. XY-2 entered the maximum value and then remained stable at the
the logarithmic phase at the 3rd day, the biomass reachegth day.
2.1 10'0 cfu/mL at the 6th day, and then the growth  The proper pH value can a ect not only the growth rate of
entered the stationary phase. The biodegradation percentag@croorganisms, but also the activity of enzymes. In thiggt
of tetracycline increased signicantly during the rst 6 the growth of Pandoraeasp. XY-2 was signi cantly inhibited
days and it reached 73.8% at the 6th day. After thatwhen the initial pH was 5 and 9gure 3). The Pandoraeasp.
there was almost no signicant change with prolongedXY-2 grew most vigorously and the biodegradation percentage
incubation. of tetracycline reached the maximum value at pH 7. It was
E ect of incubation temperature on the growth of concluded thatthe growth d?andoraeap. XY-2 and tetracycline
Pandoraea sp. XY-2 and tetracycline biodegradation biodegradation percentage generally showed a trend oféisang
ability is shown in Figure2 The growth of Pandoraea rstand decreasing then with the increasing initial pH.
sp. XY-2 was greatly aected by temperature. With the Combined with the growth ofPandoraeasp. XY-2 and
increasing temperature from 30 to 40, the biomass of tetracycline biodegradation percentage, we selected a pH of 7
Pandoraea sp. XY-2 decreased to 1.57 109 cfu/mL temperature of 30C and culture period of 6 day as the optimum
and the biodegradation percentage of tetracycline reachemllture conditions for subsequent experiments.
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FIGURE 1 | Effect of incubation time on the growth ofPandoraeasp. XY-2 and tetracycline biodegradation percentage. TCetracycline. XY-2:Pandoraeasp. XY-2.
The initial concentration of tetracycline was 50 mg L Pandoraeasp. XY-2 were cultured with an initial pH 7.0 at 30C.
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FIGURE 2 | Effect of incubation temperature on the growth oPandoraeasp. XY-2 and tetracycline biodegradation percentage. TC:tracycline. XY-2:Pandoraeasp.
XY-2. The effect of incubation temperature was tested at théth day. The initial concentration of tetracycline was 50 md; 1. The initial pH was 7.0.

Genome Characteristics and Functional sp. XY-2 are shown iffable 2 The Pandoraeasp. XY-2 has

Annotation of Pandoraea sp. XY-2 a single circular chromosome and the estimated genome size
After sequencing, a total of 91,372 reads were obtainedof@en Was 5,056,206 bp with a GC content of 63.76%gure 4. No
characteristics of the newly sequenced genoméaridoraea plasmid was found in the genome sequence of this bacterium.
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FIGURE 3 | Effect of initial pH on the growth ofPandoraeasp. XY-2 and tetracycline biodegradation percentage. TC:etracycline. XY-2:Pandoraeasp. XY-2. The
effect of initial pH was tested at the 6th day. The initial carentration of tetracycline was 50mg L 1. The temperature was 30 C.

The number of predicted genes was 4,974 with an estimate@BLE 2 | Genome characteristics of the newly sequenced genome of
total length of 4,382,283 bp which makes up 86.67% of thgandoraeasp. XY-2.
entire genome. Out of all the predicted genes, 3,489 (70%), .

could be functionally annotated in the NCBI non-redundant) umoer
database. A total of 1,485 hypothetical proteins were predlictesenome size (bp): 5,056,206
for XY-2. There are 77 RNA genes consisting of 65 tRNA andc content (%): 63.76
12 rRNA (4 5S rRNA, 4 16S rRNA, and 4 23S rRNA) genessene number: 4,974
Eight Gls were detected in the genome of endoraeap. XY- Gene length (bp): 4,382,283
2. Approximately 5,470 bp of interspersed repeats were foundgene average length (op): 881
in the genome of thé?andoraeasp. XY-2, which accounted for  gene lengthigenome (%): 86.67
0.1082% of its genome size, whereas 27,270 bp of tandemsepeakc content in gene region (96): 64.3
were found, which accounted for 0.5393% of its genome sizga number: 65
Tandem repeats were the predominant type of repeat regionzya number 12
accounting for 83.3% of the repeat regions in Pendoraesp. g5 umber: 8
XY-2 genome. i . . . .. Interspersed repeat number: 62
Secreted CAZymes are crucial for bacteria biological agtivi | ength (bp): 5,470
CAZymes are divided into ve classes: glycoside hydrolases, genome (%) 0.1082
(GHs), carbohydrate esterases (CEs), polysaccharids (Riss), Tandem repeat number: 508
glycosyltransferases (GTs), and auxiliary activitiesgABased Total length (bp): 27970
on the CAZy annotation pipeline, we identi ed 65 CAZymes, In genome (%): 0_5'393

including 5 AAs, 16 GHs, 30 GTs, 3 CEs, and 11 carbohydrate
binding modules (CBMs) in thePandoraeasp. XY-2 genome

(Supplementary Figure 3 In the present study, CAZyme  cjysters of orthologous groups (COG) database annotation
annotation revealed tha@andoraeap. XY-2 contains a total of gpowed that a number of genes are related to the basic furgtio
2 families with 5 AAs in its genome sequence. Additionally A f pacterial cells, including amino acid transport and metim
family classi cation also revealed that the components ofsAA(E), transcription (K), and energy production and conversion
were 3 AA3 family members [glucose-methanol-choline (GMC)(C) (Supplementary Figure 4 Particularly, the number of genes
oxidoreductase, alcohol oxidase, aryl-alcohol oxid&sedge participated in carbohydrate transport and metabolism (G),
oxidase, cellobiose dehydrogenase, pyranose oxidase) /%8l  secondary metabolites biosynthesis, transport and catab¢@dm
family members (1,4-benzoquinone reductase). and intracellular tra cking, secretion, and vesicular traport
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FIGURE 4 | Circular representation ofPandoraeasp. XY-2. Based on, tRNA and rRNA, GO, KEGG, COG results, cintar diagrams of chromosomes are drawn. The
concentric circles show (reading outwards): GC skew, GC caent, tRNA and rRNA, GO, KEGG, COG, genes, DNA coordinates.

(U) were 244 (5.4%), 166 (3.6%), and 79 (1.7%), respectively. Timajor variation Supplementary Figure J. We also calculated
GO annotation revealed that cellular processes and metabolihe GSTs-encoding genes contents Randoraeaspp. and
processes are very active in biological process; cell and cile results showed that the contents of these genes did not
part play a dominant role in cellular component; binding and change signi cantly between environmental and clinicalases
catalytic activity play important roles in molecular funatio (Supplementary Table S

(Supplementary Figure . Furthermore, KEGG annotation

showed that a total of 115 genes participated in the xenobioti&NI Calculations and Phylogenetic

biodegradation and metabolisnS@pplementary Figure 6and Analyses

Supplementary Table SR It is worth noting that there were 5 1o phylogenetic tree ofPandoraeasp. XY-2 based on
genes encoding monooxygenase, 9 genes encoding dioxggenagsrrNA gene sequence was show8upplementary Figure 8

nine genes encoding glutathione S-transferase (GSTs) and ﬂandoraeasp. XY-2 was most closely related to tRe apista
genes encoding other types of enzymes. Previous reports dhowe\,g16407 (99.59 similarity). The 16S rRNA geneRdndoraea
that tetracycline can be more readily biodegradable bygiie g, xv_5 having a similarity of 96.9-99.72% compared to the
detoxifying enzyme GST8rk and Choung, 2007Accordingly,  tyne strains oPandoraeapp. Gupplementary Table S (Yarza

we selected all the 9 GSTs-encoding gendZaindoraeap. XY- ¢t 5 200phave reported that a new proposed genus would have
2 together with GSTs-encoding genes from close-relatednstr  gos, givergence in 16S rRNA gene sequence from its closest
for comparative analysis to shed light on the variation in thegenus. ThereforePandoraeasp. XY-2 was not a new genus.
ability to degrade tetracycline betweétandoraeaspp.. The  gisckebrandt and Ebers (20Gi)ggested that a 16S rRNA gene
phylogenetic analysis of nine GSTs-encoding genes deniogd f sequence similarity of 98.7-99% should become the boundary
Pandoraeap. XY-2 and other close-related strains revealed that delineation of prokaryotic species. Above this value, ¢her
the GSTs-encoding genes were present in both environmentg) 5 need to prove by genome to genome comparisons whether
and clinical isolates and the evolution of these genes had rgistinctisolates belong to the same species. Accordinghomes
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comparisons oPandoraeasp. XY-2 against alPandoraesspp. core genome followed a steep slope, reaching a minimum of 1,903
were carry out for species circumscription. gene families after the 36th genome was addégiure 6).

ANI is considered to be the most relevant comparative The other 18andoraeatrains, which genome sequences level
parameter used for bacterial species delineatiéiosGello- were complete, from NCBI database were selected to perform
Moéra and Amann, 2016 Using ANI, the bacterial species the phylogenetic analysis d¢fandoraeasp. XY-2. The results
delimitation borders can be set to about 94-96% identityshowed thatPandoraeasp. XY-2 was clustered together with
which would generally represent70% dDDH Richter and P. apistaDSM16535 (Supplementary Figure 1) Combined
Rossellomaora, 2009Table 3 contain the matrix of nucleotide with that it has not yet been reported that tetracycline could
identities between whole genomes calculated under JSpsciesve biodegraded byandoraeaspp., so we selectdélandoraea
database. The ANI% values Bandoraeasp. XY-2 against all sp. XY-2 andP. apistaDSM16535 to perform a genome-wide
reference strains were 85% {Table 3, which was a value far comparison. The genome-wide comparison identi ed all the
below the threshold of 94-96% identity that would serve aSNPs, a total of 372,574 high-quality SNPsHandoraeap. XY-

a boundary for species circumscription. Besides, the dDDR were obtained Supplementary Table Sp Most of the high-
results showed that the dDDH% values Pé&ndoraeasp. XY- quality SNPs in thePandoraeasp. XY-2 were located in CDS

2 against all reference strains ranging from 14.9 to 52.2%egions (333,149, 89.42%), with only 39,425 (10.58%) located
(Supplementary Table Sy in intergenic regions. A total of 67,476 non-synonymous SNP

A phylogenetic analysis based on the single-copy core genasd 264,974 synonymous SNPs were located within CDS regions
was conducted to determine the relationship BAndoraea which resulted in a non-synonymous/synonymous (dN/dS) ratio
sp. XY-2 with other 35Pandoraeastrains. Except for the of 0.255.
sequencing data dPandoraeasp. XY-2, other whole genomic ~ Gene gains and losses have been considered as one of the most
data of 35Pandoraeastrains were downloaded from NCBI. The signi cant contributors to functional change$i¢i and Rooney,
Pandoraeasp. XY-2 was clustered together wilandoraessp. 2009. We analyzed the insertion/deletion variations (InDels)
64-18 andPandoraeasp. B-6 Figure 5), which was indicative betweenPandoraeasp. XY-2 andP. apistaDSM1653% and
of intimate intragenus relationship amongandoraeasp. XY- the results are shown iSupplementary Table S6We identi ed
2, Pandoraeasp. 64-18 andPandoraeasp. B-6. In addition, 581 InDels in the chromosome ¢fandoraeasp. XY-2 and the
Pandoraeasp. XY-2 branches near the base of t@ndoraea proportion of base deletion (60.76%) is higher than that of base
sp. 64-18 andPandoraeasp. B-6. We inferred thaPandoraea insertion (39.24%). Most of the InDels were located in inteige
sp. XY-2 was likely arised before tRandoraessp. 64-18 and regions (388, 66.78%). Furthermore, synteny comparison of

Pandoraeap. B-6. genomes betwedPandoraeap. XY-2 andP. apistaDSM16535
_ _ showed that the two genomes have 550 collinear blocks cayeri
Comparative Genomics Analyses 73.91 % oPandoraeap. XY-2 genome. On the other hand, some

A pan-genome for thePandoraeasp. XY-2 and 35 other regions betweePandoraeap. XY-2 andP. apistaDSM16535

Pandoraesstrains was determined by PGAP pipeline. The totadisplays inversion, translocation, and T@mver, revealing

pan-genome for the 36 compar@&ndoraeatrains encompasses di erent syntenial relationships to the reference sequence

186,995 putative protein-coding genes. Of these, 1,903%l.0ZFigure 8).

of total pan-genome) were core conserved genes across all 36

strain genomes compared. Out of these 186,995 genes, 2,280 L . .

(1.22%) were represented in the accessory genonianaloraea 1 N€ Origin and Evolution of Tetracycline

sp. XY-2. After comparing strain-speci ¢ genes, thandoraea Resistance Genes

sp. ISTKB had the highest amount of thesed 899), while From CARD analysis, a total of 218 genes were identied as

the isolate sequenced in this study had 414 specic genelaving a role in the resistance to various antibiotics, ofclh

The number of specic genes in all 36 strains ranges from ® were tetracycline resistance genBagplementary Table S)f

to 899 Figure 6). The KEGG annotation of speci c genes of The type and number of tetracycline resistance genes were 6

Pandoraeasp. XY-2 showed that a total of 10 genes involved irtetA(48), 1tetB(P), 1tetG and 1tetT (Supplementary Table S8

the environmental information processing, including onetRe Resistance is primarily due to either energy-dependent e ux

family protein-encoding gen&etR (XY.2_GMO004468) and one of tetracycline or protection of the ribosomes from the

DHAL1 family protein-encoding geneetG (XY.2_GMO004469) action of tetracycline.TetA(48) and tetG belong to the

(Supplementary Figure 9. e ux pump gene, while tetB(P) and tetT belong to the
Previous reports showed that mathematical extrapolation ofibosome protection geneRpberts, 1996 Previous studies

pan-genome would be highly reliable provided that su cient have shown that e ux pumps play a major role in both

genomesx 5) are involved \(ernikos et al., 200)5The deduced organic contaminants tolerance and bioremediatiérei(nandes

power law regression functionP§ (n) D 3119.72n%3083] et al., 2008 and combined with KEGG annotation results

revealed that the pan-genome Bfindoraeahad a parameter of specic genes inPandoraeasp. XY-2, so we selected

(g) of 0.50637 falling into the range & g < 1, which tetA(48),tetG, and tetR genes for further origin and evolution

indicating that the pan-genome was opelRiqure 7) (Tettelin  analysis.

et al., 200R8 In addition, the deduced exponential regressiéa [ The deviant GC content is used as a detect method of HGT

(n) D3900.47e%-0178922] rayealed that the extrapolated curve of (Xie et al., 201} The average GC contents of thietA(48)
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FIGURE 5 | Phylogenetic analysis ofPandoraeasp. XY-2 based on all of the single-copy core genes among 36 wble genome sequences. The phylogeny tree was
generated using the NJ method in Mega 7.0 with 1,000 bootstras replications. The number and total length of concatenate single copy genes were 1,903 and
27,797 characters. The whole genome sequences of 35 othePandoraeastrains were retrieved from GenBank. The source of each stiawas marked in different
colors. Red, sputum; Pink, CF patient; Green, soil; Yellowynknown; Blue, bamboo slips; Gray, oxalate-enriched cultee; Purple, bioreactor; Navy blue, food.

genes were higher than those of the average of the entiurkholderiaspp., andCaballeroniaspp. were sister groups.
genomes (63.33—65.57 vs. 62.5-64.7) except that the a@Cagelt is obviously to note that, the other thretetA(48) genes
content of thetetA(48) genes ilPandoraeap. XY-2 was slightly (XY.2_GM001703, XY.2_GM003133 and XY.2_GMO003479) of
lower than that of the average of the genome (63.72 vs. 63.7Bandoraeasp. XY-2 formed monophyletic clade, respectively.
(Figure 9. It is worth noting that thetetG gene andetRgene Furthermore, thetetG gene fromPandoraeasp. XY-2 grouped
were speci c genes of Pandoraea sp. XY-2, whose GC conteot tetG gene ofS. entericaV. cholerag P. aeruginosaand
were signi cantly lower than that of the genome (57.74 vs763 Proteobacteria(Figure 11). The tetR gene from Pandoraea
and 59.17 vs. 63.76, respectively). These data showindisaria sp. XY-2 grouped tdetR gene ofS. entericaV. choleragA.
of GC content between tetracycline resistance genes and thaumannii, and F. marinus (Figure 12. These results imply
corresponding genomes, which indicated that these tettaeyc that threetetA(48) genes (XY.2_GM000586, XY.2_GM004567,
resistance genes may be acquired Handoraeastrains and XY.2_GMO000605) may be acquired via HGT from
by HGT. members ofParaburkholderiaBurkholderia,and Caballeronia

To gain insights into the origin of tetracycline resistanceWhile, the other threetetA(48) genes (XY.2_GM001703,
genes in Pandoraea three NJ phylogenetic trees wereXY.2_GMO003133, and XY.2_GMO003479) may be acquired
constructed based on thetA(48),tetG,andtetRgenes encoding via HGT from unidentied sources in early evolutionary
protein sequencesF{gures 16-12). As shown in Figure 10  history. The tetG gene may be acquired via HGT fror8.
phylogenetic analysis revealed that threéetA(48) genes enterica V. cholerag P. aeruginosaand Proteobacteriaand
(XY.2_GMO000586, XY.2_GMO000605 and XY.2_GMO004567¢tR from S. entericaV. cholerag A. baumannii, and F.
of Pandoraeaand tetA(48) genes oParaburkholderiaspp., marinus
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FIGURE 6 | Pan-genome analysis of strains in the genu®andoraea Petal diagram of Pan-genome. The total number of protein ading genes within each genome is
listed below the strain name. Numbers in non-overlapping paions of each oval show the number of CDSs speci ¢ to each stran. Letters in non-overlapping portions
of each oval show the source of each strain (E, environment;,&linical; U, unknown). The center is the number of ortholamus coding sequences shared by all strains

(i.e., the core genome).

FIGURE 7 | Mathematical modeling of pan genome and core genome of 36andoraeastrains.

DISCUSSION resistance in genu$andoraea Di erent from sulfonamide
compounds, whose degradation by pure bacterial cultures have

The data we present represents a rst glimpse into theéyeen reported Tappe et al., 20)3 there are only a few

evolution and mechanism for tetracycline biodegradatioda microorganisms that can degrade tetracycline. Previdessliure
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FIGURE 8 | Synteny comparison of genomes betweerPandoraeasp. XY-2 and P. apista DSM16535'. In the upper and lower axes, the brown frame represents the
genome forward chain, the blue frame represents the genomeeverse chain, the height of the color lled in the frame repreants the similarity degree of the
comparison. The color comparison type of the linked graph beveen the upper and lower axes: Collinear (red), Translodgan (green), Inversion (yellow), and
TranClnver (light green).

could biodegrade 74% tetracycline at pH 7.0 and@GWithin
6 days. At present, the functional characteristicsPahdoraea
have been reported. Previously identi délandoraeaspp. are
predominantly clinical isolates with a few strains beingagsted
with biodegradation of environmental pollutants.i(n et al.,
2016. For exampleRandoraeparticipates in the bioremediation
of lignin, plasticizer dibutyl phthalate, phenol and petroleum
hydrocarbon pollutants§arkar et al., 2017; Fang et al., 2018; Liu
etal., 2018; Yang et al., 201 short, it has not yet been reported
that tetracycline could be biodegraded by gerRendoraea
Therefore, this is the rst discovery thdandoraeasp. XY-2
can e ciently biodegrade tetracycline, and its biodegrtida
percentage was about 74%, which indicates Betdoraeasp.
XY-2 is an excellent microorganism resource for tetracyli
wastewater treatment.
Although the cell density oPandoraeasp. XY-2 decreased
during decline period, the active cells could continue to
biodegrade tetracycline. Therefore, the biodegradation
percentage of tetracycline increased slightly as the ceBigen
of Pandoraeasp. XY-2 decreasedrFigure 1). Similar to the
FIGURE 9 | Comparison of GC contents of thetetA(48) genes with those of ndings from a previous study l(oftin et al., 200§ this study
the average of the entire genomes. demonstrated that high temperatures accelerated tetraeycli
hydrolysis. For the temperature tested, the biodegradation
percentage of tetracycline does not decrease as biomassdedr
reports that Stenotrophomonas maltophilistrain DT1 can drastically from 35 to 40C (Figure 2). According to the collision
e ectively biotransform tetracycline, which can degradeuatb theory, higher temperatures lead to higher reaction rates by
46% tetracycline at 3€ and pH 9 in 7 daysl(eng et al., 2006  causing more collisions between particleBhg¢rnton, 196J.
Huang et al. (201&bserved thatrichosporon mycotoxinivorans Moreover, high pH also a ected the removal of tetracycline,
XPY-10 which was isolated from wastewater could degradehen the initial pH was 9, the biomass Bandoraeasp. XY-
about 46.28% tetracycline at &l within 7 days.Zhang et al. 2 decreased but the tetracycline biodegradation percentage
(2015) reports that 57.8% tetracycline could be degraded bincreased Figure 3. This may be because tetracycline can
Advenella kashmirensit 30 C and pH 7 in 6 days. A recent form invalid lactone isomers easily under alkaline coraii
study showed that a maximum tetracycline degradation ratiqHallingsgrensen et al., 2003The pH value of the sampling
of 78.78% can be obtained I§febsiellasp. SQY5 at an initial location in this study was about 6.8, which was not conducive
pH of 7.17, a temperature of 34.96, an initial tetracycline to the natural degradation of tetracycline. The optimum pH
concentration of 61.27mg 1 and an inoculation dose of for Pandoraeasp. XY-2 biodegrading tetracycline is 7.0, so
29.89% (v/v) using SAS software predictiGhéo et al., 20)8 it may play an important role in thesitu remediation of
In this study, Pandoraeasp. XY-2 was screened out, which tetracycline-contaminated environment.
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FIGURE 10 | Neighbor joining phylogenetic tree of @etA(48) genes derived fromPandoraeasp. XY-2 and other representative species. Bootstrap valueare
indicated at each node based on a total of 1,000 bootstrap reficates. The genes ofPandoraeasp. XY-2 were marked in orange. The green dot and red dot indated
that each strain ofPandoraeaspp. was isolated from environment and clinical, respectaly.

A detailed understanding of the molecular mechanismdess 52.2%. Both ANI and dDDH values described herein were
that xenobiotic biodegradation and drug-resistance in ugen considerably below the threshold for species circumscniptio
Pandoraeais optimally addressed using truly comprehensive(Richter and Rossellomaora, 2009 herefore, we can consider
information about their genomes. Now, the whole genome othat Pandoraeap. XY-2 belongs to a new species.

Pandoraeap. XY-2 was successively sequenced using the Paci c The CAZymes annotation oPandoraeasp. XY-2 genome
Biosciences RS Il in the present study. Unsurprisingly, theevealed two genes (XY.2_GM002965 and XY.2_GMO003795)
Pandoraeasp. XY-2 exhibited similarities in genome size andencoding AA6 family members in its genome sequence.
GC content compared to the othétandoraesstrains able ).  All experimentally characterized proteins in AA6 family
Moreover, the phylogenetic analysis con rmed tH2éandoraea were 1,4-benzoquinone reductases, which were intracellula
sp. XY-2 was most closely related to Pendoraeap. 64-18 and enzymes involved in the biodegradation of aromatic compaund
Pandoraeap. B-6, implying thaPandoraeap. XY-2Pandoraea (Spain and Gibson, 19911t suggested that these enzymes
sp. 64-18, andPandoraeasp. B-6 have a common ancestor.might play an important role in the biodegradation of
With the rapid advances in genomics analysis technology, netetracycline. On the other hand, the COG annotation reveale
measurements such as ANI are being developed to evaluate tadarge number of genes involved in carbohydrate transport
genomic similarity between bacteriRi¢hter and Rossellomaora, and metabolism, secondary metabolites biosynthesis, trahspor
2009. Here, the nucleotide comparison of the whole genomend catabolism and intracellular tra cking, secretion, and
sequence oPandoraeasp. XY-2 with otherPandoraeaspecies vesicular transport. The existence of these genes may be
revealed an ANI% valu& 85%. An additional, the dDDH% closely related to the ability ofPandoraeasp. XY-2 to
values ofPandoraeasp. XY-2 against all reference strains werebiodegrade tetracycline. The GO annotation results indida
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FIGURE 11 | Neighbor joining phylogenetic tree ofetG gene derived fromPandoraeasp. XY-2 and other representative species. Bootstrap valueare indicated at
each node based on a total of 1,000 bootstrap replicates. Thegenes of Pandoraeasp. XY-2 were marked in orange. The green dot indicated thaPandoraeasp. XY-2
was isolated from environment.

that the protein function ofPandoraeasp. XY-2 was mainly that Pandoraeasp. XY-2 had 414 specic genes, which could
focused on cell composition, enzyme catalysis and metabolis be related to the unique characteristics Pdéndoraeasp. XY-
Furthermore, KEGG annotation showed that 9 genes encoding. As expected, the KEGG annotation of the specic genes
dioxygenase. Dioxygenase can degrade aromatic compoundsPandoraeasp. XY-2 revealed 2 important genéstG and

by dihydroxylation, monohydroxylation and tandem oxidati  tetR related to tetracycline resistance. The most important
(Boyd et al., 2001 Nine GSTs genes were also identi ed inexample is thegetR gene, which encoding multi-drug binding
the genome sequence Bandoraeasp. XY-2. Previous reports proteins AcrR. According to previous reports, the multi-
showed that tetracycline can be more readily biodegradabldrug binding proteins AcrR is member of the TetR family
by using the detoxifying enzyme GSTs, and the biotoxicityf transcriptional repressors that regulate the expression of
of tetracycline was greatly reduceBlafk and Choung, 2007 the multidrug resistant e ux pumps AcrAB Routh et al.,
The comparative analysis of all the 9 GSTs-encoding genes #009. In short, these results provided some clues on the
Pandoraeasp. XY-2 together with GSTs- encoding genes fronspeci ¢ genes involved in tetracycline resistance developmen
close-related strains revealed that the GSTs-encodingsgeare and molecular basis of tetracycline biodegradation capacit
present in both environmental and clinical isolates and then the studied strain ofPandoraeasp. XY-2. On the other
contents of these genes did not change signi cantly. Itoaded hand, the model extrapolation revealed that the number of
that there may be no major variation in the ability to degradecore genes was relatively stable that an extra genome added
tetracycline between these isolates irrespective of thiggino  would not signi cantly a ect its size, which was consistent lwit
Similar conclusion about environmental strains and clalic the notion that core genes were conserved genes universally
ones shared similar number of resistance determinants Vgas a present in all strains Zhang and Sievert, 20).4 Besides,
reported byYouenou et al. (2015) comparison of the complete sequence of tRandoraeasp.

As part of the genomic characterization, the pan and cor&Y-2 and P. apistaDSM1653% revealed a total of 67,476
genome of Pandoraeasp. XY-2 were dened as a way to non-synonymous SNPs and 581 InDels were detected in the
cluster existing genes in all analyzed genomes. Our pamgenome ofPandoraeap. XY-2. The SNPs, InDels and di erent
genome analysis of strains in the genBandoraearevealed syntenial relationships identied here might be associated
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FIGURE 12 | Neighbor joining phylogenetic tree ofetR gene derived fromPandoraeasp. XY-2 and other representative species. Bootstrap valueare indicated at
each node based on a total of 1,000 bootstrap replicates. Theggenes of Pandoraeasp. XY-2 were marked in orange. The green dot indicated tha®andoraeasp. XY-2
was isolated from environment.

with di erences in biodegradation characteristics of organ had the molecular basis of tetracycline resistance, whidtesa
contaminants and drug resistance Bandoraeaspp., and also possible and precondition to biodegrade tetracycline.
contribute to understanding the phylogeny and population Horizontal gene transfer (HGT) mediated by plasmids,
genetics oPandoraeapp.. transposons, or phages is considered to be the mechanism
In order to providing insights into the molecular basis responsible for the widespread distribution of biodegradativ
of tetracycline biodegradation byandoraeasp. XY-2, we pathways in bacteriade and Davies, 2000The deviant €C
identi ed the antibiotic resistance genes by CARD analysiscontent is one of the indicative used to detect HGXig
The results showed tha®andoraeasp. XY-2 was resistant to et al., 20131 We implemented a combination of deviantG&
various antibiotics, suggesting multiple resistance meigmas content detection and phylogenetic analysis to discover pgat
presented irPandoraeap. XY-2. Particularly, we also identied HGT events since it is dicult to identify HGT events via
the e ux pump-encoding genestetA(48) and tetG and the deviant GCC content alone if HGT happened to occur between
ribosome protection protein-encoding genetB(P) and tetT, the organisms with the similar GC contents (irsch et al.,
which was associated with tetracycline resistance. Thexe u1995. The di erent gene content and organization of antibiotic
pump system can pump tetracycline molecules out of a cell ancksistance genes suggest complicated evolutionary histbry
ribosomal protection proteins can cause an allosteric disanpt these genes, and also suggest dierent genetic requirements
on tetracycline binding sites and release tetracyclinenftbe  for e ective cellular antibiotic detoxi cation and regulath
ribosome (Thaker et al., 2010; Roberts et al., 20Furthermore, of antibiotic resistance operons. Our results supposed that
e ux pumps play a major role in both solvent tolerance and the tetA(48), tetG, and tetR genes inPandoraeaspp. may be
bioremediation Fernandes et al., 2003 herefore, the existence acquired by HGT fronParaburkholderiapp.,Burkholderisspp.,
of these resistance genes indicated thatRhedoraessp. XY-2 Caballeroniaspp., S. entericaV. cholerag ProteobacteriaP.
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aeruginosaA. baumannij F. marinus,and some unidentied DATA AVAILABILITY
sources in early evolutionary history. Similar conclusadrout

gram-positive and gram-negative bacteria tetracyclinstasce
was a trait acquired via HGT was also reported fdyndlin

et al. (2006) Previous studies have shown thBtrkholderia
cepacia with genetic determinants for e ux pumps that
facilitate tetracycline excretion, was the only bacteritinat

grew on tetracycline-amended R2A platésy$z and Alvarez,
2009. Moreover, Todorovic et al. 2015 have detected the XuW, XiW, and WZ designed and coordinated the study and
tetA gene and the correspondingtR gene in theSalmonella carried out the data analysis. Xuw, XiW, LS, and WZ performed
Infantis isolated from 28 poultry farms in the Northern part the bioinformatics analysis. XuW, XiwW, JL, and RY carried out
of Serbia. The determination of tetracycline resistanceege the experiments and interpreted data for the work. Xuw, Xiw,
in V. choleraehave also been researched kyany et al. and WZ wrote the manuscript. GQ checked and edited the
(2016) manuscript. All authors have read and approved the manuscript.

The sequence data of the whole genomd®ahdoraeasp. XY-
2 have been deposited to NCBI data base, with the accession
number of CP030849.
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