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Abstract

Bwrbhodderts malled are pathegenic gram negative B Proteobacterin these are avallable in Afnca, Asia,
Midille Ease, Cemral and Sosth America nmd y knoam as the causal organism of glandors.In this
study, ihe symonymous potiemns of four Burdbodderio mullel (Burbbolderie maflel ATCC 23344,
Burbbolderi: malled NCTC 10229, Burbbolderia mialler MCTC 10247, Swrbholderio malle SAVPD
genome were compdred nrd snalvzed to each other, 11 was observed that Bwebfolderio mallel have high
Gl pperient and moderately based. Using cogon sdaptatian index (CAT) a3 & numerical cstimator of gone
expression bevel where nbosomal profein coding penes were considered os 8 reference of highly expressed
geres. Here, we also siudied the furctional analysis of the PHX penss. pene exphession lewel,
comrespondence analysis and horizontelly transferred pathogenicity related genes activity, COGs are also
aszociated with metnbolism espegially those [inked 10 carbohy drote metabolism and amino acid ranspon.

Kevwords: Surbboliferia mallel, Codon bias, Comsspordence analysis, PHY, C0G
Abbreviation: BMWAL-B-Swrkboldersy mallen ATOC 23344, BMAL-29- Burkboldera mallon BCTC 10229,

BMLA LT Burbfoldteny mallyn MOTC (0247, BMAL-YPl-Burkholdersa malle SANVFL POG-Protein coding gene
RPG-Ribosomal profein peoes, PRG-Fathogeneaity relaied genes, HTG- Honosolly ransfored gises. PFHX-

Predicied aghty expressed penes, COG-Clusters ol onbologous groups of peotein, CA 1<Codon sdapration index

Horsontal gere transfer refers o the mansfer of penes or
genetic materinl directly from one individual 1o onother
by processes similar o infection, It is distingt from the
normal process of vertica! gene transier - i pasents
w ofspang - that oceurs in reproduction. Ceenetic
engincering  byvpasses  meprodsction aliogoiber by
exploiting horimnial pene transfer. o genes can e
pransferred between distnnd species that would fever
mterbresd an nature. For example, human penes are
crwns ferred inso pig. sheep. fish and bacteria. Toad gencs
are transfemed imto potatocs. Completely new, exodic
gencs can therefore be inmoeduced into fisod cops
Horizontsl gene tamsfer is the lateral movemsent of
genes between organdsma. HGT may be designaied as
infectious transfer, This b 8 very common bochanim
pmong hacteria even they ane distamly related. By this
way ome bactorium  become  drug  resistance.
Transformation, transduction and conjugation are three
classical mechanisms of HGT, Mos of the organisms
gre =ffecied by HGT.

The purpose behimd this sely was o impleme a
comparative analysis of the synonymous codon usage
patterns, predicied expression levels for the proleln
cnding genes if these pathogenic bacterial srming with
special reficrence o palhogenscity relased gones, sudy of
hosizontally transformed pathogendcity related gomcs B
detex? their prosonce in the straing and sonainise the

*{ v sl canbae
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nature of highly expressed genes upon their lifestyles.
We corsider that the result of this study would be

helpfial im furher work on thess bacterin
Matertals & Methosds:

The complele genome sequences for fowr smains of
Burkbolderia mallei { Burkholderia malled ATOC 23344,
Burbholderia mallei NUTC 10229, Burbfalderia malle
NCTC (0247, Burbbodderios molle SAVPL henoefonh
referred o as BMAL-$, BMAL-Z% BRIAL-dTand
BMAL-VPI respectively ) beanng Cene Bank acossaion
mumbers MO DOGI4E,  NC_O06I9NC D08K35,
MO _(OREISNC (008D NC_OUTY, N (HSTES and
MO O8TRY were obtained from the IMG webab
(o img jgl doe.gov).  The pgene  sequences  are
retrieved in he FASTA formal. All the protein coding
gencs, bocironially  tansferred  pones.  pathegennity
related  gemes  amd ribssomal |'rr'|.1||.'."||| BCTEE WO
esamined  wsag  Codon W slbeare  (hnp
miowehl pasieur.ir) {Peden, 1999) and CAl Usloulaer
it oo e valy ngoosde et oouton

CalculateCAbs phph (W of @l 20055 Cosdon W {Paden
190) was wsed w determinne the GO contemt. effctivg
muiivbes of codisns {Mad { Wrighs, | 59000 and ihe (regquency
af optimal codons (Fop) (Peden, 19595 The effectine
number of v (Meh 15 @ sraaghtiors and messane of
codon bias (Wu o er ool NN5L Iogemerally  ramges
heitween M sl Bl Fop (Paden, 1999 calculates ihe
section of synoey mow codors thal are optimal, 115 value
vares fham 0w L0 AN segative Fop valus were
mfjusted W opere The “osbon mlapiaism indes” (CAH
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Peden, 19995 salucs were computed using "The TAl
Caleulptor 2 (hiptfwwas evolvingoode net/vodon/
CalcuilaseC Als. phpd iWu e oaf  HMIR) laking e
ribosornal profein genes as o reference. The CAD value
vories rom O b 1.0 with higher CAT vales suggesiive
of the fact thal the pene of vudy has 8 codon unge
pattemn like tha of the reference genes {Shap and Li,
1987

An analyais of the honzonially transforred patbegenicity
relaicd gencs among the RBurkinlderia sirsins were
curmeed ot Ao recognize whethor they were locaded in all
the siraing o tndigenous 1o @ speciiic strain.

Among differend tvpes of pemss, the pathopenicily
related bonsontal gene transfer mechanising I the
stucicd strainy were sorved ool poquines genes. LUsing the
Imegrated Micrabial Cieginimes idnlahuse
{(wvew img gt doe gov) the sorted pathogenicity related
genes for each strain were subjecied w0 IMG Genome
HLAST agamnsi the studied strmins o fGnd ow the
sequence homologs. The minimum pencent idemtily way
sct al W% and the maximum E valoee 1e-2

Correspondence analysis (COA) b 8 sensilive method
slentifying nem-rundom usage of synomymous codons in
many erghrisms Comespondenc: amalysis of codon
count wad performed with Codon W {hitpa!!
I:-imt'l:ll.pu.ﬂm:.r.l"r} {Peden, 1999, This meihod
invesiigates the key trends in codon and amino acid
deiparity among the genes.

Hesualts and discozsion

Codon usages padierns in _four smalns of Surtfolderis
maniled penome:

It was proved that codom usege pantern s more
advanced for the prokaryoles than for the eukaryotes;
much of this mformation i based on the relatively Tew
species that have heen subjected to 8 concened
molecular penctic analysis. It s ruth that codon usege
amang lhe Grum-negative protechacierin is much more
advanced than in any ciher growp of species (Grantham
er af, 1980 Crouy and Gautier, 1982). Generally mast

hacterial penome with a bolaneed ATIGE  genone
copenl lad Fgh degree of heterngeneily in cosdon wage
patlern. Codon eelerogencity was closely assncinled
wilh gene expressinn level, Thas highly expressed genes
wonlaln @ hgh fequency of codons ic. translationally
optimad {lkemura, 1UH1; Lafay & af, 200 Tkemurs,
1985 The sudied sttainy of Gurbboloeria  mallel
genomes have moderately high (rC content, GO and
Me wilues thai help o determine the exidence of codon
beteropendty among them. The results from Me versus
G 3 plots, suggestad the codon usags varindions ameng
genes of the same genome showed that the Ne values of
the genos runging from 21-61 Tor ihe four strains of
Burkhedderia  omafled  genomes  sugpesting the
corsiderable helerogeneily is peesent in these GC-rich
gerewnes. The RPGs, which were expested o be
expressed @4 high levels during mpid cell powih ane
recognized and represented in Mo v GC3 plol The
clustering of most RPGs in Streplomyces (Wuo el al,
2005} Narrhomonas Franbia, Azetobecies (Sen el ol
2007, J08) penome remain wt low end of the Mo v
G03 curve that signilfy stronger eodon as in the RPGs,
The RPGs and PRGs, inall the studied bactena lormsd
similar chusters al the low end of the Mo versus G273 plol
that indicale sirenger codon bias in BPGs and FRGs of
Burkholderia mallei.

Coden usage is similar in clesely related specics but
difference depends on phylogenetic distance {Feden,
1999}, Gemes having < 40 Mo value tend 10 have
sroaiger codon bias mandpulated by mutational pressure
(Cameron and Aguade, 1998). Table | show thot the
mean Me szlues of protein coding genes 15 34 For all the
studied stradns with mean smndoard deviation wvalus is
around & where as Me value of HTGs are high ranging
from 3B-40, The GC3 walues for the fouwr sirmims of
HBurkholderia mollel were guite high ranging from §4-85
in POGs bt the GC3 walues of PROS ane higher than
that, PCes, PRGs and RPGs have higher Fop salues in
comgared to HTGs. GC value of the siudied genomes i3
Ty vimilar mn the respective indsces which are also
shown in the Tablc 1.

Table-1: Mean Values of Me, GC%, GC3%, Fop, CAl of the studied genes of Furkholderia mallel Mhlean »

Sramdand deviaion

“irain Crene Blean Me MeanliC (%) MeanGC3 Mean Fop Slean CAl
e ()

BhIAL-44 P ME61£6.02 60180048 B4.520.09 0.576=0.05 0.500=0.14
RPG 13474483 6174720029 EDL6d04 0. &0 7005 0 700007
PRO 34, 7138525 GR.TOZ40.046  REIL0.07 0584004 b1 20 09
HTG 40312745 Gi.600e0064 V0D L0 05350071 LS1200.151

AsAAL-20 MOG 34, 1044564 GEIGEM0IG RS 340,08 0700057 bl kel |2
kPG 3338444607 GO0 TI6:0032  H0.0=0.05] UB0%0053  DEFTe00TH
PRG I5 10604, 351  OE TASEDOFS AT Be0.054 U SETel Dl 06450 091
HTC IR 24806, R00 64 26R0.066 TR 320,100 03500187 054ad117

BMAL-4Y PG A1 6BIS2:0.049 B4 620050 05760058 0h0led ] b
RPG 3321404 65 61 90K£0.0%4  BOOD(53 0 ANT=0.053 00RO R
PR 3124544, 14 GHAMD20.030  RT.THO0ET 38T« 00044  Doad9=0.089
HTO FR0l3eT.08 630006 TE,TH0 10 O 54500068 08190145

Bl -VPI MG LTS A2 AR 2VKa (LGS R THOUORY QATTE0058 061 el e
I IL6XGed BB 6 S4400033 Y S0 52 UAOAREDOHS (0 bED GRS
FRG INAGA3900 GRATTION3]  HT 4e0,055 D3RO0 DASIe0068
HT JEA1346,712 fh'-l-.ﬂtﬁi.ljiﬁ_: T3 140, 10 fl_.flil-b-'l-“.ﬂ?! 0,543+ 157
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Analysis of borzomially tams ferred pathopentcity relacd
penes:

Coene wansfer 35 generally associsted with tramsposon-
like elements or insemion sequences (Geoisman ef &l
1992 Geoisman ef ol 1993: Simon. er al. 1980
Horizomtally gene transferred mechanism is mol casy
process and there are some transfer bamiers that preven
ihe delivery of genctic information from a domoe cell ihat
Block inherstance of newly acquired genes (Matic of ol
1995). But genss scquired by horizontal tramsfer often
have atypical GHC contend, codon bias and repetitive
etements (Medigue of af. 1991} and only approach the
characteristic codom usage and CH+C coment of their hos
afler millions of yemrs [Groisman ef af, 1993), The
stadied sirains of Hwriholderic mallei contained 391,
428, 511 and 460 HTGs far AMAL-1d, BMAL.29,
BMAL-ATand BMAL-YP] respectively. Amongst them,
the number of PROs was 47 46,12 and 10 for BMAL-44,
BsAAL-29, BMAL-1Tand BhAL- VP respectively.

MG BLAST results revealed homologs having sequence
dentily with & numbser of similar horizontally trarsfemed
pathogenicity related gene coding proleins in the Four
studied sirins of Hurkholderic malfei. Among them,
AMAL-44 was the mosi paihogenbe sirain comainng
virulence faciors esential for pathogenicity, Theso are
exird cellular capsule, Safmomells pkimmum-like tpe
111 secretion system amd type V1 seoretion sysiem (Schell
e ol 2008). 11 was abserved that out of 47 horizoedally
trarsferred pathogenicity relwled penes in BMAL-34,
1336 amd 3} horizontally transferred homologs are
sdentical (percent adentity ranging froem 20-1000 in
BMAL-29, BMAL-4Tand BMAL-VPI respeciively,

Corespondence Analysis:

Correspondence analysis (CA) i3 8 maultiveriate metbod
and, as such, ifs oim is to summorize dats structurey in
high=gimension space by projection onio low-Eimeesika
subspaces, whike loosing as litle mformation os possible.
The principal factors are thercfore along the dircctions of
maximum  wvarabilily in the dstasel. Correspondence
Annlysis (DDA) of synonymous codon usage of all

protsin coding penes in Suekhofderic mallel strams were
performed on simple codon cownt. Correspondence
analysis of PCGs. RPGs and PRGs revealed the position
af first and second major axis showed the position ol
above-mentionesd  genes. In BMAL-44, the Prolain
Coding Genes scatbered as two indistinguishable Clouds
where a8 the PROs and PCGs clustered from 0.5 to
+{1.5 on X-axis and Y-axis respectively. In BIMAL-29,
the PCGs distribuied on the both axes bt PRGs were
eot overlappdng on BPGs that means the RPGs are not
kighly gxpressed. In BMALET, the scattering of studied
genes were almost like BMAL-Hand in BMAL-VPI,
all these genes formed a clomped horizontal line where
PRGs and RPGs were overlapped with eoach other
Howewer, comelation with first major axis and GOF, G0
Me, CAT values revealed some interesting results. The
pasition of 1be genes on the first major axis of vanation
showed strong posilive correlation with GCS (r= 0094 1 ¢
= (1L922; p=0.001]) for BMAL-04 and BMAL-29 and &
miderate positive correlation with GO (¢ = (0603 ¢
=0.444; pl001) for BMAL-47 ared BMAL-VEI. The
position of the genes on the firs majod 2k of variaten
showed positive correlation with Be (¢ =00T95F =0.708,
r =447, p=0.001) for BMAL-4, BMAL-29, BMAL-
47 and negative comelation with MNe ¢ = -033%
pref 0]y for BMAL-YPLOn the other hand, the genes
of the first major axis showed stirong pegative
comelation with CAI (r = <095 10 = 0545, ¢ » 0617,
el 001} for BMAL-34, BMAL-I9, BMAL-47 and
pasitive cormelation with CAL [r = 0413, p=0.001) =
BMAL-VPI, From thase results, we can predict that the
genes virulent stmin has significand nepative correlation
with first magor axis wnd CAD whereas avirulent has
simple pesitive comelmtion,

Wentification of predicied bighly expressed geres:

The effective measures of SYIOnYmous codon uange
bins s the codon adspiation wedex  |CALLGene
expression was measured by caleulating CAl value i
e four sirgims of Bwrbholderis malfel Here, BPCR
were inken s reference set of highly expressed genes
{ Sharp and Wen-Hsinng, 1987). The distribution of CAl
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valse of different genomes are shown in the Figure
[ The CAl value ranges from 0.09-0.86, 0,13-0 86,0.12-
0.85 amd 0.11-0.27 for BMAL-44, BBAL-29, BMAL-47
and BMAL-VPI respectively, The mean CAl value of
POG, PROG and HTG were from 60-61, 61-65 and 5154
whese the mean CAl value of highly expressed BPG was
quiet high (Tablel )

According 10 descending order of CAl value, the top
1% of 1waal CAI value were clussified as the predicted
highly expressed penes (PHX). and comesponded to CAL
cubofT vaslues are (L751, 0,74, 0739 and 0.748 for BMAL
=44, BMAL-29, BMAL-4Tand BMAL-VP) respectively.
BMAL-A had 44% PHX penes, including 15 RPG, 22
PRG and 10 HTG. BMAL-29 had 554 PHX pencs, with
It RPG, 1 PRG and 19 HTG. BMAL <47 had 589 PHX
genes, inclsding 18 RPCG, 24 PRG ond 23 HTG. BMAL-

WP1 had 521 PHX peres, including 17 RPG, 231 PRG
and 20 HT,

Functionsl mnalysis of the FHX genes:
Onbhologs are evoluwionary significam = they ure

{h. beairos of Hurksolderia
T murties predicicd haghiy
:::'_:; e presand genes within
. : functsonal COG groups
rmt‘:; | L% idh gl
LB i ok Lnih B
(B)
W BN A
O DMAL-20
O BRAL LT
i BN VP

ST T - g

CGEFHIPO RS

evolved from comman ancestor and opposed 1o pamlog
Basically, orthologous proteins have the same strectural
domain and the same function. In order fo realize the
funethonal distribution of the PHX genes among the four
Burkholderln  malled genomes  the  Cluster  of
Orthologows Groups (COG) of Proteins were studied
For these Hurkhalderia mollei, genomes 23 D0
cotepories wers snalyred Fip -2 (A and B} showed the
portion of the PHX into esch OO0 category based on
the total PHX penes anmd the title genes within the COG
groaps nnd expressed as percentnge, To suppon the
analysis, cach of the OO0 categorics were ¢lassilied imo
4 COG groups: Mpfoesuaion aeed storage frodsssing
comprising o OO0 connecied w0 J<Translation. A-KNA
processing: K-Transcription; DA
replication  recombinntion  and  repair, B-Chaomatin
giructure and dynamics (OOG- 1) Celwfar process dad
sigaading comprising of COGs  relmsd e D-Cell
divisbons-Delfense mwchamsm-Signal  transdusctionsCel)
envelope bingenesis, M-Cell motiliay and secretion; We
Exwa cellular struciure; Ll-lmimeeliular Lra[ﬁ.;‘k-i“'l-_: (-
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Table-1: Pathogenecity related PHX genes of DM AL=14, BMAL-2S, BMAL-47, BMALYFPI and their CAl value

Liscus tag of PRG Drescription LAl vahue
BAAL-44
BMA ARG oy pothelical prodein 0.7
L1 BTELTHE unknawn function 0. 7R
BMAASS hypothetical prodcin .78
BAAANTES palative coder membrane ninbe rediscinse 0.TRE
BMA 1RE0TAAT erwloribanuciense, 1,151 family 0,778
BMAA 242 tvpe 111 seeretion system profein Bssd) 0.771
BMAALAI] HrpB 2-like protcin 0. 76%
AMAAL T nlechol dehydropenade. iron-contsining 0.Ta7
BMNAAT4S5T pisative lipaprolein 01, Tl
BMAALSH tvpe 111 secretion syssem profein BaaY 0.7Te4
BALAL9Y coppier ABLC ransparter, periplasimde copper-binding protein, pulative (. Ted
BhdAlaas pbrous-nxide reductaie precurser .76
BhAALTES ulky| hydroperoxide reductase, subunit ¢ 0.Té1
BMAA 449 putative syringomycin synthesis regulator Syrl 0.761
BMAALGIR type 11 secretion inner membrane protein SctR 0,759
BAMAAIRIZ putative sugar ABC transporter, periplasmic sugar-hinding protein 0.75%
BMAIIAG unkngswn fnetion 0757
BRAALSI] BipD prodein 0.7535
BMAXTFI] proqein disulfide isomerise NosL, putative 0,755
BMAALGID putative type I'V pilus beogenesss protein PilN 0.754
BMAADADS hypethetical protein 0,754
BMAALSIG type I secretion system prodein BsaW 0.751
BAIAL-29
BMAI299 A3397  putative lipoprotein 0.773
Enayl-[#cyl-carrier-prosein] reductase [NADH] (EC 1.3.1.9)
BMAIDZSS_A3Z03 (IfCmerm) 0.744
BhMAD29% A3014 putative ouler membrane porin 0. 764
BMAI0299_A2984  ompA family protein 0.78
BMAI0299 A2858  phospholipase C 077
BMAI(299 A2E52 radical 5AM domain protein 0.785
BMAIOI9S AZEDS5 acyl carrier protein 0&3%%
BMATDI9Y A2747 chaperonin, 60 kDa 0,821
BRATOIOR AT54] endoribonsclease, L-PEP family 0,774
BRAA 29 _A24TE pulative transcriptional regulsior 0,748
BhAID2YY A1 thioesacrase domaln protein [LT58
BMAT0299 A2129 putative threoning efflux prolgin 0776
BMA0299 A2020 sodiumdbile acid symporer family prodein 0.763
BhMAI0299 41467 pulative ABC trangporter, permense protein 0. 765
BMALDI9Y A 465 pututive syringomyein synthesis regulator SyrP 0. 68
BMA 10299 _ADTS) ketol-acid reductoisomerase (EC 1.1.1.86) {IMGiterm) 0.844
BAIAL-4T
BMA 10247 0395 ketol-acid reductoisomerase (EC 1.1.1.86) {IMGrerm) 0845
BMA 0247 2943 ABC transporter, ATP-hinding pratein 0,802
BMA 0247 2950 LysE family protein LR
BMA 10247 3221 putative outer membrane porin 0,789
BMAID24T 1750 radical SAM domain protzin 0,788
BMA 0247 Al6SH puilative ouler membrane nitrite reductase 0,782
BMATD24T 3517 ptative lipoprotein 0,781
BMATO24T 3387 putntive threonine eMux prolein 0.774
BMANO247_AGTS0  type 111 secretion system protein BaaY 0.772
BMATO24T_A0T42 type 111 sevrelion sysiem prodein Baul) {769
BMAI0247 2893 pudntive syringomycin synihesls regulamr vl 0.76%
BMANGAT ALITG nbeohiol dehydrogenase, iron-containing 0.767
BMAIG24T 2255 sodium/bile ocid symporter Tuily protein 0. 764
BMA 0247 2860 SCO1/SenC Eambly proteln 0.762
AMAIO2AT AZ0A bk | hydroperoxide rechectnse, subunit O 076
BMAI0Z4T_ADBIT type I secreibon hner membrme protein Scil (.76
BMA L0247 3050 ahdehyde dehydrogennse family peotein 0.749
BMA 0247 ADTSD Bipld protein 0754




T

Table-2: ( el e

Mt el of e Seieaves el o, 2980

s tag of RO

BWATDIAT AGSHE
AMAINZAT ADTAH
WA IDZET (IR
AMAIO24T 1184
A ORT ADIT
BMALOTAT_ANIA

BMASAVPL ATIIS
BMASAVPI_ADTED
BMASAVPL AD16S
BMASAVPL_A3005
AMASAYIT AlSIn
ll‘.'d&!’-h\,\"l-’l_ n8gl

BMASAVPL Al6SS
BMASAVPI A2959
BMASAVPL Al654
BMASAVPIL ADTOS
BMASAVEL ADI23
BMASANYP 0107

BMASAVIL A6
BMASAVPT_A3I20
BMASAVP1_AZSE]
BMASAVP] 0779

BMASAVP1_A3DS0
BMASAVPI_A1549
BMASAVPI_Al622
BMASAVPL 1518

BMASAVPI 0065

BMASAVPI_ A2111

BMASAVPL A1282

Post transnational modification, protein turnover and
chaperons (COG-2);  Metebolism consisting of CDGs
related 1o C-Energy production and  conversion-
Carbobiydraic  transport and  melabolism=-Amino  ncid
ranspon and  metabolism’s<Nucleotide  transport and
metabolism-Coenzyme ransport and metabolism; 1-Lipid
transport &nd metsbolism-Inorganic ion tansport and
metabolism-Secondory  metabolites  biosynthesis  and
transport, (COG-3)Gemeral function prediction and
urkrown firclion comprsing of C0Gs related to R-
Cieneral function prediction; S-Unknown function, (C0G
-3). Some pathogenicity relsted genes found in PHX
caegory which are shown in the Table-2, There were 22,
16, 24 and 23 PR-PHX genes in BMAL-44, BMAL-29,
BMAL-47and BMAL-VP] respectively. Another study
reveabed thal the mos pathogenic sirtin of Surkholderio
moflel ie, BMAL-44 has 17 known PR-PHX genes,
thase are iron-containing alcohal ﬂchrdmi:nul: alkyl
hydroperoxide reductase, BipB profein, copper ABC
iransporier-  periplasmic  copper-binding pml:u:.
endoribonuclease, L-PSP family, HrpB2-like protein,
nitrous-oxide  reduciise  précursor.  pulslive  owler
memsbrane nitrite reduciase, putative lipoprotein, puintive
sugar  ABC  wransporicr, periplasmic  sugar-binding
protein, pulative syringomycin synihesls regulator Syrl®,
prodcin disulfide isomentse Nosl, putsive, pulsdive type
IV pilus blogencsls profein PilM, dype I secretion
system profein Bsa¥ type 1 secretion system prodein
Bsal) tvpe [ secretion inner membrane proein Sciil wwl

[kml-j:-lmn i Al walue
type |1 |'-I1m Framntion paler membzane protem, B6d PN Taimly TRET]
type 11 secretion sysiem protein BaaW 0,752
urgindne/omithine antiporter 0,748
I:_11.|;|'r|.-|-||l||,::|. |.|'\-_|l|r"|:|r.|-|rn1¢1r|| rediscioae |MADI rl (EC 181 % (M e i1, T4
Gl 7Y gey Tamily prodes {1741
pretagive sugnr AL Iranspaerier, prrlTﬂumn.il: '|I||g.n.r-‘|1hli.|1l!|,p, [:m:-ci-ll 40
AMAL-VIFI
ketpd-ncid reductpisamerase (B0 11,1, 86§ (IMOitcrm) LRAR
tharedos sl ide reducinse 0,83
cytochrome ¢ oxidose, subumi 111 i Rl
fingellar haok=pssochled protcin 3 T4
lipoprotein, puisive . 792
puiative cuder membrane nilribe reduciase ']
Fima, h7RE
putative threonine effhe prateln 0782
fimbrind biogenesis cuter membrane usher protein 778
endoribonuclease, L-PSF family 774
putative syringomycin synthesis regulalor Syri® 07735
aloohol dehydrogenass, iron-contalnkng 0.771%
sodiumbile acid symposter family profein 0.772
aldehvde. dehydrogenase family protein 077
OimpA family protein 0. 767
alkyl hydroperoside reductase, subunit C 0,765
aminotransferase (EC 2.6.1.-) (IMGaerm) 0,763
butyryl-Codzacetate CoA transfernse (EC 2.8.3.8) {IMGilerm) 0n.762
TonB-dependent siderophore receplor 0. 761
GatB Y gey family protem 758
putative sugnr ABC transporter, periplasmic sugar-binding protein 0.357
Enoyl-{acyl-carrier-protein] reductase [NADH] (EC 1.3.1.9) {IMGiterm) 0.754
putative homoserine/threoning efflux protein 0752

type [1] secretion system protein BsaW with mean CAl-
value is 0.7620.008 that i quiet high but the CAl-value
of res1 theee sraing are 0.70:20, 108, 0900103 and
0,680,122 for BMAL-X, BMAL4Tand BMAL-VPI
respectively. 11 indicates that in BMAL-34, the virulence
pene expreasion level was comparatively high

Conclosion:

Moderate codon bias has been observed in the
Burkholderia strafng. Codon beterogeneily i ssociated
with the pgene expression level. A number  of
pathopenesis related peres in the smudied Burbholderia
striins were horizontally transferred and hod somewhat
dif¥erend patiern of codon usage compared 1o other
genes. Correspondence analysis revealed  varabiliny
omong different sets of gemes. A nuenber  of
pathogenicity related genes directly nssoctaved wiath the
vinalence and woxicity in Burbboldrie belonged o the
PHX cotegory, COGs associabed  with - metabolism
especially those linked 1o cosbobydrare metbolism and
wriane acid tranapon wd metabolism had the lion's
share of PHX penes implving their significance in
influencing the lifestvle of te Burkbolderia struins as
pathogens,
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