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% i ¥ @ A& (high-throughput sequencing) > *~ &z T & & 2R
( Next Generation Sequencing, NGS ) £ 3 & ~ #&dg2 & #1121 2 denovo
TR AT % a4 o F RPN LR om R AT A SR
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High-throughput sequencing, also referred to as next generation
sequencing has been proved itself to be robust and expanded to the whole
genome level. The NGS has dramatically changed the molecular diagnostic
arena in clinical microbiology and applied to detection of unknown disease
associated pathogens, genotypic resistance testing, outbreak investigation and

investigation of microbial population diversity.

In this study, miseq and PacBio NGS platforms have been applied in the
genome assembly and comparison. We expect to establish pathogen genome
analysis plateform by adequately integrating many kinds of molecular diagnostic
techniques with NGS system. Through the analysis of pathogen sequences and
related epidemiological information, we can assist the clarification of infectious
pathogens and infection routes, provide a reference for disease prevention policy
assessment and formulating monitor the drug resistance of pathogens and even

provide a foundation for future developing diagnostic techniques.
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B T A X A S deep sequencing, T & %A (next
generation sequencing, NGS ) , H =t 5 4z 4% i# %L sanger sequencing »
Alevii-%AdN Gb 2 Th B2 A7 FH - &7 FLE
Pl N HFE S ERAFHATATFRGER AT 0 £ 4 denovo 2
Felo foeing < du 4 o FAHRTE Ao R AT R 2R R[]

A RFLR LR R LT LB AR DR B 67
PR F B Lo R R AT ML P (R ) 2 FTA AT ML P2
AFIHEA M2 P23 B HERN L - RELAT ST
123 A e A E. (microbiome) % i i B E [2-9] -

Pad ot g BEFELEIAT o EHARD S EGT D
ANE > FILRINNERE BEF N NLE T RERRY o 3
TR EZERY PV L 2 a 5 K% 0 whole exome sequencing

(WES) 7 %2 whole genome sequencing (WGS) [10] - = H Al e

TR FARI] > AR HFET 2 RE (P ER R ) [11] 5 & &
¢ HF R (Bldert 165 5 T4 47w ) [12] o 16 % Rl
* denovosequencing 3 ;X > ¥ o el > A TR A 7] (2011 &4
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% pmE I F kL CRE E%FH - #PEEI BT &
% 7 CRE AR5 7 % /230 5 carbapenemase A& F1I5 (L chfF kv
- HIREATFIE FHA AT
% e 7 & & 7 (Pulsed field gel electrophoresis, PFGE )
& % UJIEEE 7 R 3R B 0 0% R % % CHEF-MAPPER
(BIO-RAD, USA ) > # 0.5x TBE buffer #-r &1 B T A H
CHEF-Mapper £ % 7 ; 12 H9812 Atk (Xbal *T4|fs> 2] ) % i+ &
Boxoldptk o @ % IR 2 R 0 f1 Y T KR Y R R
B % A% 0 £ F 1 2 Z 3088 Phoretix 1D gel analysis advanced version
5.01 (Nonlinear Dynamics, UK) ¥ Fikie (7 ML Lk B4 47 0 2
BRI E 4 2 F DNA 2 &3 AW A4 0 2 UPGMA
(unweighted pair group method using arithmetic averages ) == ;% &%
di A B (dendrogram) » o gtk BI$H 214 i dp B0 A T AR A
+ [ B
F B8 core sk - S1-PFGE/Southern hybridization
i€ * Sl nuclease 'TH4|fs i 7 FHRA A & 0 IR EFR AR

CHEF-MAPPER (BIO-RAD,USA ) » # i 1 05-30 ) > = &
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% 6V/icm2 > 200V & B iE > 20 ] PEFER AR > # % 1 99 SeaKem
Gold agarose (BMA, Rockland, ME, USA) % 0.5xTBE & /%% » 1/
H9812 Fth (Xbal *Llfis>» &) § 7 B X [ a4k o T 7 12
HCI depurination~NaOH denature 2 2 Tris-HCI( pH 7.5 )neutralization

Jad

i

t5 > % 3 NC paper + - 22 DIG %352 # 4+ (Roche Applied
Science ) ‘5 hybridization 20 /| BF 5 ik s o vzt B4 kORI R
(VersaDoc, BioRad ) i ip| & B3t 4

NGS z_&

F1* B # 4% pk 5 B~ % 5L MagNA Pure Compact Instrument( Roche
Applied Science ) i& {7 ¥ ik % B~ » #-4% & 12 Nextera DNAFlex Library
Prep Kit Cillumina > £ &) :&£{72& & » ¥ 12 lllumina iSeq T & {7
TR o
Bioinformatics 4 7

NGS z_& 3 .14 BaseSpace Sequence Hub (illumina) 2z SPAdes
Genome Assembler :& {7 de novo assembly & % » = 2 FE L
2 MLST 2.0 2 ResFinder 3.2( Center for Genomic Epidemiology, DTU,
Denmark, https://cge.cbs.dtu.dk/services/) it {7 £ F]4| u] 2 $o A4 7

A e


https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/nextera-dna-flex.html
https://www.illumina.com/products/by-type/sequencing-kits/library-prep-kits/nextera-dna-flex.html
https://cge.cbs.dtu.dk/services/
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7 27 (CHAZ CHB) & {381 %_(TzHH) - ~3* % » 47103-107
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+ NDM-5 E. coli a2 A5 B 7 Bl
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i 7 Southern Hybridization » 2 %77 NDM-5 5 % > & 47 .5 % 4- R
= o &y NDM-5 FH# ~ | ¥ % & % 44 : (1) TH2 7 NDM-5
<] B+ > ¥ 220kb ; (2) HH1-8 2 TH3 2. NDM-5 % #8 = -]
/i %+ 150-180kb ; (3) TH1~TH4 2 TzHH1-2 22 NDM-5 % 48 < /]
/i %+ 80-110kb ; (4) CHA1 2 CHB1-2 2 NDM %4 - 9
40kb -
41 NGS 4 45 7 tk# NDM-5 #tk

B 2% NDM-5 iR 2 £ R4 - 35 7 $& (HH7 ~ TH1-
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novo assembly {$ 4 %]z MLST 2.0 2 ResFinder 3.2 :& {7 & 47 o i&
MLST % 475 % »HH7 3| %] 2 ST617-TH1 2 TzHH1 =5 ST410°
TH2 &2 TH4 B % % ST405> CHB1 ) %] 5 ST3997 (& — )o gt ¢k
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(2)

(3)

i A T =1 0 4 % & blanpm-s-blemse ( bleomycin resistance
gene) % class 1 integron - class 1integron# %z ¥ #3urimethoprim
(dfrAl7) ~ streptomycin (aadA5) % sulfonamide (sull) % 44
% AT B B 5 E FE i chefflux pump A F1(gacEA
1)eoptebr BEPES B LHE B FIS2638 4 F B> A5 1
w € 4§ B 7| (direct repeat) °
TH12 TH2 2 %5V B 7 4p e 2 NDM-b 2 55 7 B » Bt & 2
blanpm-s-blemsr % class 1 integron 2 s 4 A FlEH H ¥ aadA2
2 dfrA124L F14p B >t HH7 22 7 B2 aadAS5% dfrAl74 %) > H
B 23258 i3 HHT 2 2 7 B o
CHB1% CHB2~R] s 2 31 K 5 |4p e 2. NDM-5 5 # B » H @ i
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SEREF R At B35 50 o
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S1-PFGE blaypy.s hybridization
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Strain- ST type- Antimicrobial resistant genes.

HH. 617, aac(6")-Ib-cr, aadA5, aph(3")-Ib, aph(6)-Id, blaCTX-M-15, blaNDM-53, blaOXA-1,
catAl, dfrAl7, mdf(A), sull, sul2, tet(B).
aac(6')-Ib-cr, aadA2, blaCMY-146, blaCTX-M-15, blaNDM-3, blaOXA-1,

T MO ATEM-IB, dftA12, mdf(A), mph(A), rmiB, sull, tet(A).

THY. 205. aadA2, blaCTX-M-15, blaNDM-5, blaTEM-1B, dfrAl, dfrA12, erm(B), mdf(A),
mph(A), qnrS1, rmtB, sull, sul2-

_— 205. aac(3)-IId, aac(6')-Ib-cr, aadA2, aadAS, blaCTX-M-15, blaNDM-5, blaOXA-1,
blaTEM-1B, dfrA12, dfrA17, mdf(A), sull, tet(B)-

CHBL. 1997 aac(3)-IId, ant(3")-Ia, aph(3")-Ib, aph(6)-Id, blaCMY-2, blaNDM-5, blaTEM-1B,
dfrAl4, mdf(A), sul2, tet(A)-

CHB2. 03, ARR-3, aac(6')-Ib-cr, aadA 16, aadA2, aph(3')-Ia, blaACT-7, blaNDM-5, cmlAl,

(E. cloacae)- dfrA12, dfrA27, fosA, qurB2, qnrS1, sull, sul3, tet(A)-
aac(3)-11d, aac(6')-Ib-cr, aadA2, aadAS, aph(3")-Ib, aph(6)-Id, blaCMY-2, blaCTX- |,

TzHHI1. 410. | M-15, blaNDM-5, blaOXA-1, blaTEM-1B, dfrA12, dfrA17, mdf(A), mph(A), sull,

sul2, tet(B)-
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