Hirak Ranjan Dash - Pankaj Shrivastava
Brajegmmhore Mohapatra - Surajit Das
Editors

DNA Fingerprinting:
Advancements an
Future Endeavors

@ Springer




Hirak Ranjan Dash = Pankaj Shrivastava
Braja Kishore Mohapatra « Surajit Das

Edilors

DNA Fingerprinting:
Advancements and Future
Endeavors

@ Springer

hyexdpshi®greail.com



Editors

Hirzk Ranjan [ash Pankaj Shrrvastava

DNA Fingerprinting Unit DNA Fengerprinting Unit

Siate Forensic Science State Forensic Sceence

Sapar, Madhya Pradosh, Indis Sagar, Madhya Pradesh, India

Braja Kiskore Mohapatm Surajil Das

Departmend of Biokogy and DMA Depanment of Life Science, National
Fingerprinding ['nit Institute of Technolagy

Central Forensic Science Labaratory Rourkela, Odisha, India

MNew Delhi, Defhd, Indsa

ISHN O78-0R]1-13-1582-4 I5BN OTEOE]-13-1583-1 ieBook)
hitpeidoi o/ 10 1007/OTE-08]-13-1585- 1

Library of Congress Control Mumber: 208959136

2 Springer Molre Singepore Pie Lid 2E
This work is sohject to copyrighl Al nghis sre messrved by ithe Publisher, whsther the whole or par ol

the maserial is concerned, specitoally the g his of tansladin. repanting. rease of illustraions, recitstion,
broadcesting. reprodoction on microfilms arin any other physical way. ond transmission or informetion

siomge ond reinieval, slectronic adaptation, compuler safiware, or by similar o dissimilor methodology
oo ioeoren or hereafisr devedoped.

The ne= of penerd descri plive nomes, regissned nemess, tmdemarks, servioe morks, #ic. in this poblication
iz niod. imaply, even in the shesnce of @ sperific smi=ment. that soch names are exempt from: the elevant
protective laws and regulations end thepslore free for geneol we.

The publisher, the auihors end the editors one i o ewume that the advios snd information in this book
ars belicyed in be troe ond sccursis ai the daie of poblication. Negther the pobiizher nor the authos or the
editors give o wamenty, express of implied. with nespect o the maierial conlained herein or for any ermos
o omissicns thai may have been made. The poblisher remaiss peotral with regand to junsdictional claims
in pubfished maps and insilstional affifistions

This Springer imponl i pubiished by the mpisisrd company Springer Meture Sing spore e Lid,
The regiciered company addmess s 152 Beach Rosd, #21-0100 Gereny Eesl, Singapore 159711,
Singapeoe

hirakd ez @ grasil com



Contents

Fart1 Basics of DNA Fingerprinting: Tools and Technigues

I DNA Fingerprinting: Discovery, Advancements, and Milestones . 3
Johangir Imam,. Romana Reyar, Ajay Kumar Rana, and
Vrijesh Kumar Yadav

2 DNA Fingerprinting Techniques for Forensic Application:

Past, Present, amd Foduare | oo i iiioiiaa ool 25
Misha Bara, Ramkishan Kumawai, and Jahangir Imam

3 Technigques Involved in DMNA Fingerprinting: Isolation.

Ouantification, PCH, Genotyping, and Analysis . _ .. ... ... ..., 35
Braja Kishore Mohapatra
4 STRTypingand Available Kits. . .. . ... . ... .. ... .. ... 0., ]

Pankaj Shrivastava, Hirek Ranjan Dash, B. K. Kumawat.
Ankit Sovostava, and Jahengir Imam

Part [ Applications of DNA Fingerprinting

5  Application of DNA Fingerprinting and Wildlife Forensics . .. _ .. .. 7
Sandeep Bumar Gupila

6 Species Characterisation from Hair of Protected Mammals:
Comparison of Molecular Methods. . .. . __ ... __ .. .. _...__.... bt
Vivek Sahajpal and 5. P Goval

7 Molecular Basis of Identification Through DNA Fingerprinting
T . oot n i b e AR b A B T e g AR 129
Moumita Sinha. [. Aun Rao, and Mitashree Mitra

8  Genctic Fingerprinting for Human Diseases: Applications
B T e e S IR P e L S F ST 141
Inushe Panigrahi

vii

hirskdazd @ grail.com



viii Comicmis

9 Molecular Diagnosis of Enteric Bacterial Pathogens .. .. .. ... . ... 151
Amita Shrivastuva, Pradesp K. Singhal, and Pankaj Shrivastava

iy Application of DNA Fingerprinting: DNA and Homan
I . o & /5 v, o S e, 5 Bl e g, o B 165
MMana Jesus Alvarer-Cuobero, Maria Saiz,
Luis Javier Matinez-Gonralez, Juan Carlos Alvarer. and
Jose Antonio Lorente

11 Three Decades of DNA Evidence: Judicial Perspective
and Fotore ChallengesimIndia . .. ... ... _ ... .. ... ...... 181
G. K. Goswami and Siddhartha Goswami

Part IIT  DNA Fingerprinting: Case Stodies
12 Fundamentals of Autosomal STR Typing for Forensic

Applications: Case Stadies. .. .. . .. . ... ... .. 209
Hirak R. Dash, Neba Fawat, Sonia Kakkar, pnd Amin Kumar Swain

12 Y-Chromosomal STR Typing and Case Stadies. . _ ... ... . ... 223
Jahangir Imam, Ajay Kuemar Rang, and Romana Reyaz

4 Applications of the Mitechondrion in Forensic DMNA Typing . ... .. 241
Ranyelle Reid

Part IV  Future of DNA Fingerprinting

15 Futore of DNA Fingerprinting: Application of NG5S in Forensic
e e R PR A PP I, P AR TP 255
Jehangir Imam, Pankaj Shrivastava, Shivani Daxit,
and Amita Shrivastava

6 Unigue Individualistic Microflora: The Future of DA
Fingerprinbing Techmigque. . . _ .. .. .. . i iiiiaiin 271
Pankaj Shrivastava, Hirsk B. Dash, Sonia Kakkar,
Mabendra K. Gupta, and Toshi Jain

17T Microbial Forensics: Beyond a Fascination ... ... ... .. ... ._.... 295
Vijay Mema

I8 Implications of Microbes in Forensic DNA Fingerprinting .. ... .. 307
Pankaj Krishna

SEEIIE oc  E ea eL R e  R L e L e e S e e 319

hir exdnabiilgrail.com



Chapter 9
Molecular Diagnosis of Enteric Bacterial \E_.
Pathogens

Amita Shrivastava, Pradeep K. Singhal, and Pankaj Shrivastava

Abstract Bactenal strmns belonging to famly Entercbacteriaceae are well-
established entenc pathogens of humans and ammals which are the major cawse of
mortality wordwide. So to deal with these infections, it 1s necessary o 1dentfy the
discase-causing pathooens along wath their virulence mechamsm. The charactenza-
tron and detection of these pathogens rely on conventronal colturing and biochemu-
cal techmigues. But these conventional techniques are low sensitive and ime mntense.
This led to search for more ramd, sensative, and advanced technigue for their detec-
tion. In the present scenano, the molecular methods are most commoaly apphied 1o
wentnfy the pathogpemic bactenal strains, The molecular methods include DNA-
based methods; such as restnction endonuclease analysis of genomic and plasmad
DNA, plasmad profiling, chromosomal DNA profiling using pulsed field gel electro-
phorests, polymerase chun reaction (PCR Fbased methods, 168 rRNA sequencing
miethods, polyphasic teaxonomsc approaches. ete. These are the more rapid and more
sensitive lechmigees which overcome the 1ssees of identfication by conventional

techmgues. Hence. these technigues are considered the most promusing for bactenal
identification.

Keywords Conventional identbication techmigues - Enterobacters - Molecolar
techmgoes
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152 A Shrevastave ot al.
9.1 Introduction

Microorgamsms are uhiguitous and extraordinanly diverse and accomplish vanous
roles 10 the environment. They occurred broadly mn the hiosphere., foods, water, and
sols and exogenously as well as endogenously 1in humans and ammals. The mucro-
bial population of human intestinal tract compnses of a huge diverse of bactenal,
viral, and parasitic forms including serobic and anacrobic organisms. Majonty of
these orgamisms belonging to famaly Entercbacteriaceae. incloding Escherichia
coli, Shigella sp., and Saimonella enterica, bat some others such as Preudomonas
sp. also inhabit human gastroantestinal tract. Many of these organisms have benefi-
cial effects on their hosts, yet ceftain conceivably harmful microorgamisms can have
sigmificant negative consequences on both ammals and human. It 15 accounted for
that pathopenic infections canse around 40% of the roughly 50 milhon aggregate
yearly passing around the world [1, 2]

Among enterobacters, widely dispersed species in nature 15 Salmonella. They are
gram-negative, rod-shaped, facultative anaerobic. nonspore-forming motile organ-
1sms that can grow best al temperature extended from 7 to 48 °C and pH ranged
from 6.5 to 7.5. They can dwell a5 common commensal in the gastrointestinal tracts
of amimals and humans which may be the reason of several infections such as diar-
rhea. bacteremia with entenc fever, or invasion of vascular structures, bone, or other
localized sites [3). They ere additionally a reason for foodborne sickness around the
world and a cause of livestock infections that can be transmatted from ammals to
humans, Another enterobacter, Escherichia coli, 15 o gram-negative, rod-shaped
bactenum which typically resides 1o the lower intestinal tract of humans and am-
mals. Its pathogenic stramns may be the reason of a few discases such as gastroen-
teritis, unnary tract infection, memingitis, perttomns, and sepicema [4].

Entenc contamination-related llness can be cavsed by live entenc pathogens
{such as bactenol dysentery), by toxins which they produced (such as staphvlococ-
cal food poasoning), or by combined both toxins and live agents (such as cholera).
From these, a few pathogens act pnmanly through infectons at the mocosal sor-
faces of the gastroantestinal tract (such as Vibrio cholerae), whereas others are able
to cause systemic infections (such as S, enterica subspecics enterica serovar Tiphi
or 5 typhil. Along these lines, the pathogenesis, etiology, and thusly resistance of
these discases are varied. These diseases are trensmutied by contaminated food or
water and usually lead to symptoms hike diarrhea. Many sound peoples wall encoun-
ter o selfconstrmined disease that endures a couple of day, vet in others, severe
dehvdration, bacteremia, chromc symptoms, and senous complications can develop,
ncleding malnutnton and death [5].

Idenufication of these infections microbes 15 necessary o evaluate their assoca-
tion and sources of infection for treatment of diseases they canse. There are vanous
types of methods that have been used for this purpose. The conventional methods
incleding antibiolic resistance patterns, biochemical reachions, bactenoon typing,
and phage typing arc normally less efficient, ome-consuming, and costdy. Serotyping
may be constdered as the reference method for strmn charactenzation [6], bot it may
not discnmanate the orgamsms cnginating from diverse regions [7]. These methods

hirskdash @ graal com



9 Muolecular Thagnoss of Enteric Bactennl Pathopens 153

for detection of entenc pathogens have several hmitations and require techmcal
expertise and subjective interpretabion. A maximum number of pathogemic bactenal
strains are wdenthed by cultore methods. Routine stool cultures are camy out to
wentify the existence of Salmoreila sp., Shicella sp., Campvilobacter sp., and E.
coli 0157, consumung at least 3—4 days. Due to this delayed diagnosis, patients are
at risk for untreated infections, and the diseases can be transmitted to others. Further,
Campylobacter species need specific conditions i the colture medim o regain
viahility, but non-culturable forms of Shigella faled o regan viability 1o the
modiom, adding 1o hmitabons of sensaivity of colture techmques [8] The closely
related pathopenic and nonpathogenic strmns of E. celi could also not be reasonably
differentiated by cultere techmiques. Generally adopted techmiques 1o detect and
wentfy E coli are culture, fermentation, enzyme-lhinked immunosorbent assay, and
PCR. The conventional culture techmgoes, therefore, has many disadvantapes such
as hased. lasbonous, long and resource-intensive assay protocols, highhghting
necessity of quick, relmble and seasitive techmiques to 1denbfy and manage patho-
genic enterobacters [9, 10].

Molecular techmigees soch as multtloces polymerase chaun reaction (PCR),
IDNA sequencing. cnzvme clectrophoresis, biotyping, resinchon endonucleases
analysis, nhotvping, pulsed field gel electrophoresis (PFGE), nucleotide sequence
analysis. protein analysis, and plasmid profiling have been successfully adopted 1n
the recent past to supplement culture techmgues. These are the most successful
techmigues that ere rapid and seasitive. Among these modecular techmgues. plasod
profile analysis [11, 12]. random amplified polymorphic DNA analysis (RAPD)
[11], repetitive extragenic palindromic sequences analyvais by PCR {rep-PCR) [13].
and pulsed f[icld pel electrophoresis (PFGE) [ 10, 14, 15] are gencrally adopted and
considered promising for bactenal wdentihication.

We endeavor to scquire a multidisciplinary approach for the detection of virulent
agents belonzing to famly Enterobacteriaceae and control infectious diseases. The
main focos of this chapter 15 to compress the guick and sensstive sdentitfication tech-
mgues for pathogenic struns wiich concentrated specially on the wentihcation of
specics-specifiic DNA seqoences (molecular techmigues).

9.2 PCR-Based Typing of Enteric Pathogens

It 15 one of the most commonly wsed molecular techrique that can discriminate
mircrobial strmns 1o the analvsis and epidemiclogical stadis of pathopenic diseases.
It 15 an accurate, relishle, and short tme taking method to amplify 2 specific gene or
IDNA fragment within the penome of a species [16]. This = & powerfol molecular
strategy as it 15 able to pmphfy the smallest amoent of paricular microbizl DNA
sequences, PCR offers assoriment of techmguoes for with numerous analytical and
eprdemiologic investigations such as PCR-RFLP. PCE-nbotyping, random amphih-
cation of polymorphic DNA (RAPD), repetitive extragemic palindromic { Rep)-PCR.
enterobactenial repebitve intereenic consensus { ERICY-PCR, PCR sequencing, and
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154 A. Shrvastave et ol.

other techmigues [17-20]. In PCR, the targeted penes have been increased loganth-
mically in the nomber of copies which can be later detected on ethsdiom bromde-
stained gels. On the basis of size (mess) and mugration of the PCR product
{amphcon), we can detect the expected target 1 the sample which later confirmed
by the sequencing of the amplicon [21].

The advanced methods o detect entenc pathogens are based on specific nucleo-
tide pnmers designed for PCR. Thes 1s a very fast and qmck technique to detect and
wdentify the enteropathogens: however, the conventional 1dentfication techmgues
are coasidered prolonged. too vanable, and labor mmtensive and have several limata-
tions. Previous stedies also showed that PCR s guite high sensitive and specihic
strategy 10 dentify enterchacters in stool sample as compared o that by the other
conventional methods [22-24].

PCR techniques has a few constrmints, for example, 1t 15 not capable to distin-
guish between viable and nonviable microorgamsms, and the PCR inhibitors can
lead to false-negative outcomes [25]. Other than the development of direct hvbed-
1zatton methods, there are several non-PCR-based techmiques 1o amplify DNA hke
nucleic acid sequence-based amphficabon (NASBA) and strand displacement
amplification [26, 27].

9.3 Gel Based Typing of Enteric Pathogens

The method of pulsed field gel clectrophoresis ( PEGE) had been introduced in 1984
[28] and has since been considered as a gold standard method to identify microor-
ganisms and epudemiologmcel investigations [29). Among molecular techmigques, 1t1s
the most reliable, precise, and reproducible method os well as presently beang un-
lized as & part of international surveillance programs. It 15 a DNA-based sublypang
miethod that creates DNA banding patterns. Imtielly, some rare restnction enrymes
cut the DNA into short seements, generating 825 larpe bands. Later, the DNA seg-
ments are subjected o electrophoresis on agarose pel for ther scparatton on the
basis of their size, and to dimimsh sheenng of large DMNA segments, the current
have been applied st alternating angles. The selechon of restochion enzymes cnsures
the peacration of adeguate size DMNA segment for elecrophoretic separabon { 1000-
I 5,006} base pairs) along with suitable number of bands. Comparative study of mul-
tple enzyme patterns expluns the existence of new species. thus enhanced the
power of discnmunation of this method |20}

PFGE has been used sucoessfully for charactennng E cali [31. 32], Salmonelia,
Listeria, and other pathogens. In PFGE, the restnction pattem concermag the entire
bactenal genome 15 studied barmng the use over probes. However, poant muotuhons,
deletions, insertrons, and loss or acgoisitron of plasmuds may cloodate minote van-
ations m prohles inside a subtvpe or between eprdemiologically homologous strains.
These progressions for the most part result 1 a few fragment contrasts in PFGE
banding patterns. PFGE 15 a very successful method to dentfy entenc pathogens
besides the fact that it has some disadvantages too, It 1s distinctly expensive and
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9 Molecular Dagnaosis of Entenc Bactenal Pathopens 155

needs more than 3 days getting the ontcome. The level of separation hkewnse relies
upon the selecton of restnction enzymes. A further drawback of this techmguoe 15
poor portahility. Specialized 1ssues with PFGE change in thewr unpredictability and
simplicity of analvsis. Thev can incorporate the feeble power of bandmg designs
because of low cell concentration, an factual bands because of inadequate process-
ing of DNA, skewed lanes because of faulty electrodes or aneven pel thickness, and
additronally buffer height because of uneven surfaces utilized for pel casting or
electrophoresis. Some serotvpes, especially those with certain distinet phage types.
can be so penctically homogencous that muluple senotypic techmgoes fml o dis-
cnmnate outbreak from non-outbreak strams [33].

9.4 Ribotyping

For the bactenal dentthcation, the most commonly used techmigue 15 PCR, and 1t
can be wpihred successfully by focesing on signature sequences of the target
[DMNA_ Im any case, 1t 15 typacally hard to discover particular pnmers that have a soli-
tary target and do not yvield any non-specific amplhification. This techmical issue can
be overwhelmed by another techmagoe termed as PCR-nibotyping which s generally
an adopted technigue to charactenized bactenal sirmins, The diverse bactenal species
compnses highly conserved nbosomal gene in respect o other bactenal strains.
This feature 15 very benehicial to descnbe the genetic relationship of diverse bactena
species. The MNA coding sequence fingerpnnting defines about the hybndization
of restnction-digested DMNA fragments along with probes specific for rDNA [34]. In
this method. a multiple band pattem 15 gencrated which = extremely prejodicial and
can be utlzed for affirmation of microorpanisms up o species level as well as
many cases even bevond.

rNA gene sequencing has been an exceptionally authentic technigue to charnc-
tenze bactenal species, yet 1t has insufhowent heteropeneity for more advance clas-
sification. PCR-nbotyping relizs vpon the spacer regrons or IV (intervening
sequence) amplification between 165 and 235 RNA genes. The mconstancy n
length and copy number may faclitate classification of several bactenal strains and
mycoplasma [35, 36]. For instance, 10 a previous report, PCR-nbotyping had wdent-
fied seven serovars of Salmonella sp. [37]. This method has replaced the conven-
tional PCR for affirmaton of divergent species as it subsequently convoluted by
noa-specific amphifications and hence required supporting morphological and beo-
chemical information.

Ribotvping 15 actually capable to subtype a few microbial 1solates that fall inside
some hasic serotypes and phape types [38], Lin et al. [39] disiingushed seven
diverse nbotypes among 5. enteritidiy 1solates when chromosomal DNA was treated
with Sphl. Fernandes ot al. [40] demonstrated that nbotyping 1s more appropoate
for following the diversity of S, eaferitidiy and the restnction endonuclkease Sphl
distingumshed finest within subtypes of this serotvpe. Dumbaogh et al. [41] obtained
discrete patterns for the most widely recopnized serovars of Salmonella species by
using Pvull {restnchon enzyme)
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Automated nbotyping has been shown as being useful for the 1denthcation of
vanous bactenial spp. [42—44] and successfully applied for the identficabion of
enterobacters. As compared to conventional PCR, this techmguoe 15 more rehable as
Il requires a single pnmer as opposed (o seting up reactions for every species. Thus,
odds of false-negative outcomes becaese of non-specific amphfication are decreased.
Companson study of nbotyping with PFGE has been to some degree fhighty and
frequently relies upon the eneymes ghlized for digeston and also the 1dea of the
populaton nature, Vanous researches have found that PFGE has more discnmina-
tion power as compare o that by nbotype analysis [45] whereas others have found
these two techmigues equivalent [46] or nbotype analysis supenior [47). Marcover,
this technigue 15 fast, more reliable, and highly reproducible and can be successfully
applied for bacternial charactenzabon, However, it has some disadvantzses too. This
micthod has more influence n eprdemiclogical apphications vet has fow infAuence in
the guick identification of pathogenic microbes [48]: however, nbotyping 1s consid-
ered as not smtable for local epidemiclogical applications or surveillance studies in
a restncted regron [49]. Further, important disadvantages of automated nbotyping
are the need of expensive reapents per 1solate and the high cost of the aotomated
RiboPrinter tiself.

9.5 DNA Sequence-Based Typing Methods

The DNA sequencing provides data regarding the degree of senetic diversity and
populzton structure of the bacienum of interest. Thas strategy 15 considered as
reproducible and casy transposable between laboratones {50, 51]. The following are
the commonly used DNA sequence-based tvping methods.

9.5.1 Variable Number of Tandem Repeat (VNTR) Analysis

Genomes of several bactenal species have regtons with epetitive DNA sequence
motifs extending from a couple of bases to more than 100 base pairs i length. The
repetibons of sequences termed as tandem winch means a number of copies of each
of the repeat motifs are clostered together and arranged i the stmlar direcion.
These repeats 1n a tandem can be highly vanable, even between strains of the same
species. It is referred as PCR-based method that depends upon the DNA amplifica-
tion that inclodes short tandem repeats (STR) of a DNA sequence. PCR pnmers are
intended to anneal mon-repetiive sequences simply ooiside the repeat repon, and
amplified products are 1solated and estimated to detect the nomber of repeats pres-
ent 1n the amplicon

In this techmigee, vanatons in the number of repeated copies ot particular loci
were wsed to differentiate the microbial solates. As o result of moderately high
mutation rate, strains can consolidate speaific pattems 1n a comparstively small
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4 Muolecular Dhagnoss of Emenc Bactenal Pathopens 157

duration of tme [52]. Several regions of repeated motf may be inveshgated 10 the
meantime to increase expanded differentiabon to analyze gencthc diversity. The
miost widely recopnized strategy stilizing mulople VTR loc for typing 15 termed
as mulbiple locus VINTR analysis (MLVA) or MLY fingerpninbing (MLVF) [53].

9.5.2 Multilocus Sequence Typing (MLST)

The MLST techmigue, a molecular typing approach, introduced since 15 vears 1s for
the most part performed on seven housckecping penes. It analvzes DNA seguences
from regions of housckeeping or virulence penes or potenbally fRMA seguences
which changes becausse of mutabon or recombination events [54]. In a particular
gene, the nucleotide vanabons are merged and wsed 10 the determinzbon of dis-
cnmnabion between the strains [55]. MLST gives informabion like those pot by
multlocus enzyme clectrophoresis, yet 1n substantrvely more noteworthy detal,
since 11 can survey particulor nucleotide changes ns opposed (o screen for changes
in the overall charge and expression of the enzyme under studv [54]. In MLST, &
sequence type (5T) can be defined as sequencing the allehe group including the
isodate for cach of the senes. Relatedness between 5Ts can be disclosed through
vanous technigoes of clustenng: (a) the unweighted pair group method wath anth-
metic mean, ssing distance matnces containing the parrwise differences of allelic
profiles; (b) the mimmum spanming tree approach, constructing a tree that interfaces
all sections such that the summed distance of all connections of the tree 15 the shor-
est, Le., mummun; and (¢} the base upon related sequence types (eBURST or the
more recent global optmized version, gocBURST), alponthm, mmferring patterns of
evolutionary descent among 1solates by a model of clonal expansion and diversifica-
ton and assigning 1solates to clonal complexes [56].

This techmigue 15 to a great degree valoable for protracted eprdemiological or
phylogenetic analyses. More than 230 Salmonella 1solates were lately descnbed by
MLST in hight of sequences from the 165 RNA, pduF, ginA, and manB genes [57].
These outcomes were contrasted with PFGE and scrotype analysis, MLST could
discnminate strains supenor o others ke PEGE; however, not all genes performed
semularly. For MLST to be compelling as an eprdemiclogical tool, the cntena for the
selection of genes and their number shoald be satisfactory for the discriminahons of
the solates with later senetic diversaty. In this case. genes under greater selective
pressure, such as virulence genes, might be giving 1 supenor outcome. For this situ-
aton the techmique 15 commoaly termed a5 multvimalence-loo sequence typang
{(MVLST) [58].

MLST demonstrates mcredible guarantee for exact strain differentianon wath
mformation that con be precisely shared between research labs. Be that as it may,
pencral interest of this approach will be enhanced when sotomated sequence appa-
ratus tums out to be more moderate and labs can penerate familinr environment with
complicated DNA sequencing end statistical software sequencing. This techmigue 1s
very tedious and exorbitant yel can be exceptionally oppressive 1if the genes are
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accurately chosen. It has been effectively utilized worldwide in the study of discase
transtmssion and populatton penchic studics of many sram-positive gnd gram-
negative bactena. It s less appropnate for routine typing in outbreak investigations
or local survetllance studies on eccount of 15 moderately low discnminative power.

high cost, and workload.

9.5.3 Sequencing of 165 rRNA Gene

The 165 rRNA pene sequencing, a universal method, has been wadely proposad 1o
identify microorgamisms and detect new species [59). In all hiving cells, nbosomes
are present which are involved 10 protein synthesis mechamism. They consist of two
subonits, and each subumit 15 composed of protein and nbosomal RNA (rRNA)L In
prokaryotes 705 nbosome 15 present which consists of 308 suboenit (small subumat)
and 505 subamit (farge sabunil). The 308 subonit 15 made cut of 165 rRNA and 21
polynucleotide chains, while 505 subunit 15 made oot of 55 and 235 rRNAs. The
165 rBRNA contmins 165 rfRNA gene which gives a species-specihic signature
sequences, and this signature sequences are very important 10 bactenal 1dentifica-
tion. The signature seguences are umgee DNA sequences (Ave to ten bases long ) to
numerous major groups of prokaryoles, archaea, and eukarya which are found spe-
cifically in the 165 fRNA location in all proops of organisms. The average lengths
of the structural rRNA penes are 1522 bp, 2971 bp. and 120 bp, respectively, for
165, 238, and 558 rRNAs.

There are numerous focal points of ualeing nbosomal RNA in identification
miethods as they are present m all cells; RNA penes comprise n-f]ughl:.- conserved
nucleotide sequences, mixed with vanable regions that are genus or specics speaihic,
and there 15 no need o coltore the microbial cells [60]. All bactenal species contans
165 rRMNA gene [61], s0 thas technigue can be used as gold standard for bactenal
identification up to species level. This techmgue may ensure reclassification of bac-
tertal species mmto into new genera |62, 631 This method maght be Likewise valeable
i studyving the relationship of umdentified species to known ones and in the discov-
erv of new specics.

The members of Entercbacteriacear family could be 1dentified up to 80.1-
94 4% through the Vitek GNI+ and AP 20E systems. Some members of this family
hke E. coli gre difheult to disinguish: in such condition 165 rfRMNA sequencing
should be emploved which 1s reported as a signihicantly better techmique compared
to that by others [64]. Subsequently, bactenal strains can be charactenzed accu-
rately by nucleotide sequencing of the PCR product and companng 1t with known
sequences puol away in a datsbase [65]. it can hkewise be uhlized 1o distnpuish
microorganisms that are hard to culture or be applied to samples from post-antibistic
treatment [&6-68].
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9.5.4 Whele Genome Sequencing

The sequencing of the entire penome of a microbe and companng the sequenced
genome with known references are refemed as whole genome seguencing (WGS).
This 1s 1 key approach in molecular methods for genome mapping of novel species,
finishing penomes of known oreanisms, to compare genomes over diverse samples,
to gencrale more precise reference genomes, and to wdentify muicrobes and other
penomic analyvses. Presently, this technique 15 considered as reference microbaal
typing method 1o enhance knowledge and understanding of infections discases and
chmcal micrebiology [69].

The members of famuly Enferobacteriaceae are well-known human and animal
pathopens including Escherichia coli, Salmomella enterica, Yersinia, Shigella, etc.
They cause vanous discases 1in humans specially diarthea which 15 the second ig-
gest killer of chaldren globally and most common problem 1o human beings. WGS
of multiple strmns of these bacienal pathogens has contnbuted 1mmensely to oor
understanding of the hgh level of similanties and differences among closely related
organisms at sequence level. By WGS of closely related specics, we can distingmsh
genes. charectenze gene structure. hpghhght fast as well as slow evolutronary
change, recognize regulatory elements, and disclose combinatonal limat about gene
regulation. Hence, it can be concluded that the WGS approach offers the potental
toy understand and differentiate the basic pathopemic mechanmsms emploved by dif-
ferent pathopenic bacicna

9.6 Polyphasic Taxonomic Approach

In modem technology a new techmigue has been emploved for classifying microor-
gamsms taxonomically and phylogenctically to distinguish bactenal species which
1s known as polyphasic taxonomy approach. Thas techmgue is first proposed by Raita
Colwell [70]. The phenotypic, genotypic and chemotypic, technologes to elocdate
the taxonomic posiion of microbes topether pre termed as polyphasic taxonomy
approach. Recently, this 1s the most promanent techmgee for identification and clas-
sification of mocroorgamisms, The microorganisms as were paratoned beneath
mvald taxa have recently been partitoned wnder new pencra and species kind
throogh this strategy, This approach 1s coupled wath vanous phenotypic, peaotyvpic,
and chemotypic characters and 15 more advanced than other techmiques. The man
adventape of this approach 15 that it reduces the burden of msidentfication as well
as incomplete 1D and offers authenticate identification of macrobes.

It was obscrved that the phenotypic characlers ofien among penctically different
speces and molecular methods slone are not capable to distinpuish phylogenct-
cally related species. So this techmgoe 15 mose reliable (o discnminate microbes
accorafely.
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9.7 Pros and Cons of Molecular Typing Methods

Previously used cultural and biochemical methods for microbial typing are too van-
able, labor intensive, and tme-conseming and provided vnrehable results, but the
recently used molecular methods for detecting and typing of bacienal pathogens are
fast, labor reducing, more touchy, particular, and proficient which provades reliable
data for tracing the bactenal pathogens.

In spite of the fact that the wulity of molecular approaches will emphatically
influence the diapnosis of diseases caused by enterobacters. there are a few impedi-
mients. One burden of any non-culture strategy 15 the unavalability of the microbual
solates for entitbiotic susceptibility test or any other tests by public health laborato-
nes, This will frostrate the public health laboratones” capacity to give data con-
cemnied subtvping o the studies of epidermolosy, thusly restncting their capacity for
determiming and charactenzing ouibreaks, A furither impediment of this single-stool
work process nclodes the identifcation of certain ova or parasites that are not
accessible on molecular testing menps. Even though these parasites are uncommeon.
they will show the necessity of microscopy for therr wdentitfication. One final aspect
i phlzing molecular procedures for enteropathogens 1s the noteworthiness of the
discovenes when the approach can™t discnminete viable and nomviable pathooens
[71]. Obviocus indicators of wialihity have been the isolation of enteropathogens
from stool sample. However, the importance of the nucleic aoid of enteropathogens
presented 1n stool samples and their concern with infections are not understood so
far. Addibonally the rescarches are expecied to address the relationship of these
discovenes. Molecolar approaches can likewise recogmize other bactenal species
that are not 1dentified with conventional culture techmques. The expanded affect-
abihity of this approach leaves open inguines with regard 1o the hugeness of the
discovenes. Present information about intense gastroentents including analysis and
the study of discase transmission depends on tradiional coltures and microscopic
examination. The pattern might change as we push far from cultere toward fast non-
culture techniquoes.

9.8 Conclusions

MNumierous approaches are accessible to distingush bactenal struins; however, cach
of them has its focal points and impediments that make 1t valuable in a few examina-
tions and prohsbitive 1o others. A perfect strategy ought to satisfv the sccompanyving
six critena are the following: type ability, reprodocibality, discriminatory power,
stmplicity of elucidation, simple to utihze, and mimimal efford It 15 clear that any
techmgue utihized as of now for the 1dentihcation of entenc bactenal strains 15 a
perfect strategy alone as far as these critena, vet all strategies display benehts and
furthermore confinements. Clearly 1t 15 hard to locate a solitary approach, whech 1s
miosi approprate to wdentify and charactenize microbial strmns,
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Armud most recent couple of decades, the quality of molecolar scrence has aliered
brolopical saences. The moleculur approaches have opened another part to charac-
lerize diverse bactenal strains, These approaches can distinguish 1o a supenos
depree than phenotypic techmgues and enhance our insight into penchic and epide-
mycdogical relationships. Conventional rescarch center testing techmgques depend-
ing on microbial morphology and srowth factors are progressing o a work process
structure where molecular testing 15 fit for distmpmshing pathogenic stroms. The
modecular testing industry 15 promoting extended meous and instruments that
empower research facithibies of any size to sobdify testing on a soldary stage. The
capacity to antomate sample preparation, extracton, and amphification on a solitary
framework spares time and enhances lab effectivencss while enhancing institution-
ahzaton of test outcomes. The decision of a molecolar typing method will rely on
the expertise level and assets of the research center/laboratory and the point and
extenl of the investigation.

A change from the conventional research center testing approaches (o molecular
approaches will substantially affect the lab too. The workload 1n conventional meth-
ods 15 relentless pnd tedious. Molecular techmiques will decrease workload and

matenal preregusites as well as dispose of the subjective elecidstion concernced
with colture methods. Albeit molecalar approaches are expensive, therr capacity (o
identify vanous pathogenic strains with one test board 15 more suvvy than camving
out numeroas tests uhlizing conventional techniques.
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