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Abstract

Enterovirus is a genera of Picornaviridae family, which contains Coxsackievirus, Echovirus »

Poliovirus and other EVs, about 67 species. Enterovirus related infections has been identified a one of
the major pediatric infectious diseases in the Asia-Pacific region. Although most enterovirus cause
mild symptoms, such as ulcerations at the hand, foot and mouth regions, herpangina, pleurodynia,
rashes, and rhinitis in patients, some were found capable in infecting the central nervous system (CNS)
and cause neurological diseases such as aseptic meningitis, encephalitis, meningoencephalitis, ataxia
and paralysis. However, there is no suitable vaccine for other Enterovirus. Therefore, a rapid, high
sensitive, species specific Enterovirus sensing platforms is highly needed and the achievement may

benefit to the patients who are been infected and virus outbreak prevention.

With frequent international connection and changes in the general environment, many emerging
infectious diseases or infectious diseases that have disappeared in the past have come back. How to
detect these unknown sources of infection in the shortest time is the biggest challenge for the public
health system. Traditional culture methods is limited by the culture time and culture conditions, and it
may not be possible to quickly identify the pathogen. This project "Real-time Zoonotic Pathogen
Detection Platform™ is devided into two major parts: "Real-time nucleic acid sequencing platform™ and
"Precious metal nano-film technology platform”, trying to use different strategies to establish a real-

time detection platform that directly detects pathogens from samples.

"Real-time nucleic acid sequencing platform™ uses the metagenomic next-generation sequencing
(mNGS) method combined with nanopore sequencing devices to detect clinical samples. The newly
developed nanopore sequencing technology has the advantages of long read fragments and real-time
detection. With simple sample pre-processing procedures and real-time sequencing analysis, it can
specifically sequence DNA or RNA to identify pathogens. However, there are still some problems
needed to be overcome when using the mNGS method to process clinical specimens, such as too high
proportion of host sequences, too small proportion of potential pathogenic sequences, and choice of
analysis tools. Therefore, we will use four years for testing and evaluation of sample pre-processing,

nanopore sequencing and data analysis, and establishing standard operating procedures.

In the first year, "Precious metal nano-film technology platform study" tested and evaluated the methods for sample
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pretreatment to compare the efficiency of removal of host nucleic acid and the quality of extracted nucleic acids with
some commercial kits, and to establish the standard operating procedures.In this project, the different types of
VP1 DNA sequences are comparison and try to find the low homology DNA region among the different
types of enterovirus of VPI gene. Then, based on results, a series of nano-thin-film (NTF)
electrochemical probes made of precious metals (such as, gold, platinum ...etc.) will be developed and
it is willing to develop specific DNA probes against a certain type of enterovirus. The thiolate modified
DNA probes form a sulfurized bond for immobilization, and binds with the specificity of the DNA
base paring to detect the specimen. It is used electrochemical method to detect the resistance changes.
By this way, it will be quickly to recognize the types of enterovirus infection.

Recently year, our research team members will analyze the difference of VP1 among most
common enterovirus. The enterovirus VP1 DNA sequences analysis and there found the low homology
region of VP1 gene among different types of enterovirus. And preliminarily, building-up the
manufacture of palladium-thin-film electrode, then try to immobilize the DNA probe on the electron.
In 2022, by immobilization the DNA probes of enterovirus VP1 genes on the thin-film-electrode
developed systematically. At the same time, the functional nano-thin-film electrodes to detect the
different type of enterovirus will be developed. In 2023, we will evaluate the reproducibility and
reliability of NTF electrochemical probes. We will evaluate the sensitivity and specificity of NTF
electrochemical sensor. At the same time, at least 50-100 clinic samples those will be sent to CDC will
be tested parallelly. In 2024, a rapid and specific NTF electrochemical sensor platform will be
developed. The parameters of the platform will be fine-tuned. At the same time, these techniques will
be transferred to cooperated industry partners. The achieve of this real time detection technique, may
facilitate the clinic doctors and inspectors to determine the infection viruses type and reduce the
pandemic outbreak. The technique of Pd NTF electrochemical sensor platform may facilitate the
related industry development.

The establishment of the "Real-time Zoonotic Pathogen Detection Platform™ provides a fast and
relatively inexpensive pathogen identification and classification platform, which will assist clinicians
and quarantine personnel to perform rapid detection, and hopefully can quickly discover pathogens,

improve epidemic prevention efforts, and prevent the spread of infectious diseases.

keywords : Real-time detection, Metagenomic next-generation sequencing (mNGS), Nanopore

sequencing technology, Enterovirus, VPI, biosensor, electrochemical analysis, nano-film

electrochemical probe
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Averageread Median read

length (bp) length (bp) No.ofreads  Total base

method | DNA (ng/ul)

Ctrl 68.2 6,113 3,096 12,423 750,949,562
Molysis 120 320 182 2,527 1,568,493
NEB 2.2 4,527 2,083 30,763 122,543,367
QiaAmpBB 26.8 2,791 1,882 79,708 158,572,463
B C
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ARSI A Rt F o A FIHCP BILE L sdicetb g A o 16S rRNA V3-V4 2 ul ik b
R i 5oy el R AR K AT A R PERA G o B EEA b %
BRFEP2ZEVLFREF FHRADLIE S D ANMS ARG NP RER S L 2 HEF D
Afperie % 2. 16S IRNA £ A 712 16S-1TS-23S rRNA 3 # 3t %% » Bl & FfaA 1t 6l
2P REFOER o & 168 2K B A u§ A F) copy #e® | 0.015 1T RIA ] A
16S-ITS-23S Je %[ RI ¥ & 7%3 0.0001 2 2 ¥] copy #eo 24 #7 F 5 & B o7 > € * = JF e 16S-ITS-
23S TRNA % 3 3% % 3 0 gt @ 7 ‘B3 £ 168 V3-VANGS 2k & L2 ¥ 52 168 4 i

BB LR EBA I RRR (FZ )
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+ Listeria monocytogenes 89.1 95.9 86 88

- Pseudomonas aeruginosa 8.9 2.8 14 11

+ Bacillus subtitis 0.89 1.2 0.2 0.65
Yeast Saccharomyces cerevisiae 0.89 NA NA NA

- Escherichia coli 0.089 0.069 0.04 0.05

- Salmonella enterica 0.089 0.07 0.04 0.03

+ Lactobacillus fermentum 0.0089 0.12 NA 0.0092

+ Enterococcus faecalis 0.00089 0.00067 NA 0.00061
Yeast Cryptococcus neoformans 0.00089 NA NA NA

+ Staphylococcus aureus 0.000089 0.0001 NA 0.00014

Bl= ~ &%
rRNA % i} 3t

3. BAERAEFHY

IR s:

fi}?g. ) Lbﬁ{;}ip\g

ks dake 2 &

v

P

23 & 16S V3-V4 NGS =z & & &> 7 B2 16S rRNA 2 16S-ITS-23S
10 8 81828 52 e 7 e & FBA 7o

2 RATR

AP A B AR RS AR AT e E

%”’ii Jﬁxlj—_mﬁ-‘]féév\ 3L R
S A T RIR S Lk R e e A PR LR S A B A

Illumina *

o %_/ % Nanopore

BoF IR 2 E R R S T AL

T3 EE o

BAAPEY - RF KT AT A YRS DK pneumoniae FIRE T E K I 2 A FIXA T AL

o w2 REAERAHAR RS BEET Y EFRRAA ORI R R T RZE AN
wwlE o HY @ apenadBrE R Y IT500bp (B2 A) At SET AL REE
€w$mﬁ~&w»”ﬁ4of—*a’ﬁfwm??ﬁ*ﬁﬁéﬁ’Q%?»ﬁ“ﬁéaw
e B HEREAETRTHEFLE(RZ B) e Flt > Bmau A £ Ao R R RS
A B
Taxonomy rank Taxonomy rank
100000 :‘? n __'_A__
C woom g . E:I\'l"'_d_lv.'
..O_JD . T = ::f-:l-'.
C — . “_ H (%] 1'4 &
2 ) wil g T
(%) ()
-c ] — 135
© ()
[J] oo
m e 13
3 .
. B3 )
Classified Unclassified Classified Unclassified
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]Tﬁj]_?_ ~ ﬁ?-]lj-w lpt? | ?Fﬁ‘i,—]—f’\ Vfﬁé\é}? EE Z_ Ll ﬁ;{

4. & TR FREN G RREL T2 BT

BEMET ZRIRIWTOLRFRET TR 2 KERe d AR FRTEZ ATR
#HFE L w5 K pneumoniae (KPC160111) ~ E. coli (TUEC190001) ~ Enterobactor complex
(TUECL190004) = 5 d F e f ST PRI 5 % 1 > o= RFHR Y B dum § &
(imipenem, meropenem % ertapenem)#f 42 % ‘o F(Blz A)f ¥+ ampicillin, chloramphenicol,
streptomycin, tetracycline £ % = ~ = ~ w 8532 + % $d # (cephlosporin) ¥ & 7 Fuld > ¥ 1UFE
BH S EIREMET AR TF GRS DB L T AT A PR 2 RFRE 7R R TR
R REAF R BT TR 24 ) L ATEEZ R 2 5 F 1 £ Centrifuge
FTHEFZFTRINZFEEF - SEET BRSO H2Z AFAE 7 A S 2 KPCI60111 -
pneumoniae (89%) » TUEC190001 : E. coli(88%)£2 £ # §&/k # T (MALD-TOF)% % - 3k - @
TUECL190004 p|&_2 E. hormaechei (57%) ~ sp.CRENT-193(21%) ~ Cloacae(11%) %73} = 4§ & F

A(Fle B)c iz A T AEB AR 2L R  BFVRIPIAFRAEF AR
B denovo B RS mEILE A FIW R E R NLE o APRFRK] BI S0BEFIE 108
THFRZAEE R Illumina T 597 P2 B A|GFRAR>50 B ) i H R & o L T L
PBoRERTEIHRFRAICE2 B P HIA R F D ARE AT (E )
ﬁ“ﬁ%ﬁ&%%’ﬂwgﬁﬁﬁ&ﬂi%ﬁﬁﬁ%i’ﬂﬂégy &Wﬂmm
pneumoniae_Il& 2 ~ E. coli_I ~ S.enterica_l&_2)% W {2 7(S. aureus)i& 7 % F 34 2/ #TiE 8 2

| B RLIE (7RI 0 B BT B A FIR § AR Ae K pneumoniae | B AR F 29 BiE A
Flo R AFRFEED 20 G a2 RERERFIZ BN 0@ FRA T E E A TR
o e Senterica 1& 20 T /RFRTEEI0B 2+ TP EFE R FRELFZ FTARBI) -
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A B

Antimicrobial susceptibility test results B 19cEeING Lo : gz‘i::;:;cg';:g:ﬂiae
@ Escherichia coli © Salmonella enterica
Mfi::r:f,gb KPC160111  TUEC190001  TUECL190004 % E{::?bade' hormaechei : gz:g:::: :gz:zi
Aminoglycoside @ other
Amikacin R S )
Gentamicin R ) S ‘
Beta-lactam
Ampicillin R R R
Cefazolin R R R
Cefepime R R SDD KPC160111 TUEC190001
Cefotaxime R S R
Cefftazidime R R R
Ceftriaxone R R R
Ertapenem R R R
Imipenem R R R
Meropenem R | R Bc 5 " "
IS nterobacter hormaechei
Engbr?clt':: 5 R R © Enterobacter sp. CRENT-193
Fluoroguinolone ) Enterobacter cloacae
@ Escherichia coli
Ciprofloxacin R R R @ Salmonella enterica
Levofloxacin R R R ® other
Polymyxin
Colistin S S )
Sulfonamide
Sufamethoraeals i s s
Tetracyclin
Tigecycline N S R
Minocine N S R
Cephalosporins
Cefmetazole N R R

Re ~ %3S A0EAHR FTL8% (A)F P A% % % © S (susceptible) % 77 fn F ¥t
% Atk ~ I (intermediate) % 7 ‘o g ¥4? % ¢ R AT ~ R (resistance) % 7w F¥tiis & & 4t
B)A 172 K3 TA S TE BRI FAR BA G2 BREBIBGES AN R AT -

i1 A& w i KPC160111(K. pneumoniae) ~ TUEC190001 (E. coli) ~ TUECL190004 (Enterobactor

complex) °

o

L2 @ 4 5 gt & (Centrifuge) s 17 2 FfEA vt B o
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KPC160111 O K. pneumoniae_1 K. pneumoniae_2

O TUEC190001 O E. coli_1 O S. enterica_1
O S. enterica_2 O TUECL190004 S. aureus
30
24
1d
=
s 18 3 g g 3
L s s 3
)
Qo 12 O O o 0
E O O O O 0
=]
pd
6
0 c
1x 5x 10x 15x 20x 30x 40x 50x
t Depth of bacterial genome

BlI ~ At Fihia? b A FARAZFTHETHRIF B L FHD o 3 FEEd MiEA 5
KA R i TAFE=FTRE/FRAFIM S ] o 5 FLE AT -

A aminoglycoside beta-lactam

KPC160111_5x | aac(3)-lld, aac(6')-Ib3, aadA17, aph(3")-Ib, aph(3')-la, aph(6)-ld blaCMY-2, blaDHA-1, blaOXA-10, blaOXA-48, blaSHV-182, blaTEM-1B

KPC160111_10x | aac(3)-Iid, aac(6')-Ib3, aadA1, aadA2, aph(3")-Ib, aph(6)-Id, mtB  blaCMY-2, blaCTX-M®, blaDHA-1, blaOXA-10, blaOXA-48, blaSHV-182, blaTEM-1B, blaTEM-2

KPC160111_20x | aac(3)-Ild, aac(6')-Ib3, aadA1, aadA2, aph(3")-Ib, aph(6)-d, mtB  blaCMY-2, blaCTX-M-14, blaCTX-M-65, blaDHA-1, blaKPC-2, blaOXA-10, blaOXA-48, blaSHV-182, blaTEM-1B, blaTEM-2
KPC160111_30x | aac(3)-Ild, aac(6')-Ib3, aadA1, aadA2, aph(3")-Ib, aph(6)-d, mtB  blaCMY-2, blaCTX-M-14, blaCTX-M-85, blaDHA-1, blaKPC-2, blaOXA-10, blaOXA-48, blaSHV-182, blaTEM-1B, blaTEM-2
KPC160111_40x | aac(3)-lld, aac(6')-Ib3, aadA1, aadA2, aph(3")-Ib, aph(6)-d, mtB  blaCMY-2, blaCTX-M-14, blaCTX-M-65, blaDHA-1, blaKPC-2, blaOXA-10, blaOXA-48, blaSHV-182, blaTEM-1B, blaTEM-2
KPC160111_50x | aac(3)-lid, aac(6')-Ib3, aadA1, aadA2, aph(3")-Ib, aph(6)-1d, mtB  blaCMY-2, blaCTX-M-14, blaCTX-M-65, blaDHA-1, blaKPC-2, blaOXA-10, blaOXA-48, blaSHV-182, blaTEM-1B, blaTEM-2

B aminoglycoside beta-lact: disinfectant li i i Y tri
TUEC190001_5x |aac(3)-1V, aadA1, aph(3")-Ib, aph(4)-la, aph(6)-1d blaCMY, blaTEM-1B qacE sul1, sul2 tet(A) dfrA1
TUEC190001_10x | aac(3)-IV, aac(3)-Va, aadA1, aph(3")-Ib, aph(4)-la, aph(6)-ld  blaCMY-2, blaTEM-1B  qacE floR  sult,sul2 tet(A) dfrA1
TUEC190001_20x |aac(3)-1V, aadA1, aph(3")-Ib, aph(4)-la, aph(6)-Id blaCMY-2, blaTEM-1B  gacE mdf(A) floR sult, sul2 tet(A) dfrA1
TUEC190001_30x |aac(3)-1V, aadA1, aph(3")-Ib, aph(4)-la, aph(6)-Id blaCMY-2, blaTEM-1B  gacE mdf(A) floR sult, sul2 tet(A) dfrA1
TUEC190001_40x |aac(3)-1V, aadA1, aph(3")-Ib, aph(4)-la, aph(6)-Id blaCMY-2, blaTEM-1B  qacE mdf(A) floR sul1, sul2 tet(A) dfrA1
TUEC190001_50x | aac(3)-V, aadA1, aph(3")-Ib, aph(4)-la, aph(6)-Id blaCMY-2, blaTEM-1B  gacE mdf(A) floR sult, sul2 tet(A) dfrA1

c aminoglycoside beta-lactam disinf lid Iph trimethopril colistin  f i quinol
TUECL190004_5x | aph(3")-1b, aph(3')-la, aph(6)-Id blaACT-16, blaOXA-48 sult dfrA19 mer-9 qnrB2
TUECL190004_10x :ﬁg{_rﬁdgﬁg'“m'mw’"b' blaACT-16, blaOXA-48, blaSHV-12  qacE ere(A) sult, sul2 dfrA19 mer9  fosA aac(6')-Ib-cr, qnrB2
TUECL190004_20x :f“(g:{:fﬁ‘(’é;ﬁg'a"‘m'a"“‘s"""” blIaACT-16, blaOXA-48, blaSHV-12 qacE ere(d) sult, sul2 dfrA19 merd  fosA aac(6)-Ib-cr, qnrB2
TUECL190004_30x :g‘(gﬂ);:f;f‘(dgﬁg'“m'aph@'”b' blaACT-16, blaOXA-48, blaSHV-12  qacE ere(A) sult, sul2 dfrA19 merd  fosA aac(6')-Ib-cr, qnrB2
TUECL190004_40x ;ﬁgﬂfﬁ‘(";ﬁg'“m'”"m"b' blaACT-16, blaOXA-48, blaSHV-12 qacE ere(A) sult, sul2 dirA19 mer9  fosA aac(6)-Ib-cr, qnrB2
TUECL190004_50x :;‘(g:wf"a:‘;"("g"l:'“m"p“(a'7"b' blaACT-16, blaOXA-48, blaSHV-12  qacE ere(A) sult, sul2 dirA19 mer9  fosA aac(B')-Ib-cr, qurB2

2o~ FHEHC SRR TAIFER TR p B A T AL R

\e

I: i * Center of Genomic Epidemiology (http://www.genomicepidemiology.org/) i =t & i 2_
ResFinder 1 E & {7 3% 2L 30 R

£
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(=) F &5z tEndms s

AEp 1999 R g d o TRk s B & TRIPIA P A& AT s A G A
L g pd 713 D68 A% o T oA cE i F R B - R A A ke in

AFIL A w7 R R IRAR R A0 BT A i S i (7 R A
ERE S S e ST

2 VPl % %
F Rl AT R 2
HCl AT
B5 f 2008 & >4
Yo+ 71 35BS A F L
EBRE LA K o

]' LL“«%’J“L%&FTPK

A2 VPL B 75 (- 2 4722 2018 & B5 >t e & 3 > fi3h

NN LR

B R ] R A 47 2017~2020 £ 11 7 o o B d Ep iRk AE SR
EV-A71 &7 2017 # 1 & in 7 ch EV-AT1L A F1& 4] 5 BS o Cl» 5 =0 4 4%
A B H TG B 2015 & 5 7 e & kB 7] o @ A T8 3
NI Y23 FE G- BHPEFHE RFEcEA - ) ¥k 2019 &
¥ id 2018

SA P2 . = 1 A L = 2 N B B T 4 .
04 E A B N AT R BT R TS E AT SR A AR R %
frEpEso
FEHR 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
B4 c4 ca cs cs BS BS BS 4 BS BS BS ca c4 BS BS BS BS
ca B4 ca 4 ca BS c2 ca BS 2 ca ca Caa
BAE
cs cs c4 c1
c2
c4 ca cs cs BS BS ca c4 BS BS c4 c1 BS BS BS
HEAE c2 BS cz2 c4 c4 c1 c1
c4 BS Caa

-~ EE G opA EVTL AR L 324

1L A% p+ VP12 43

e ,-1;35_* o Alea 3l o T ALY jl;a.*(EVﬂ) o) # A2 (Cox A2),
Ad), 5% A6 (Cox A6), 5.7+ Al0 (Cox Al10) > 57 % Al16 (Cox Al6)%E

+RNA ) 3¢ “II%"* o *hE F-d H L VPLLVP2 2 VP3 = B H ~ Fv Forles> Lotz

oo BAFHES [ ihe S 2 BIDEA > 395 89 7.5Kb 2 & ]

VPl 2 AFEF|BAZERF - 22 L3 > Flptfi* VP1 A2 £ 8 > (¥4

23

2,
Yo V)

6""“] ’ f’l

w4 T B R R] 2
AT BL RN VREPEE AR R o P e A B ATl S8 A VP

AL BT o faet

+ A4 (Cox

Hon

i

S
B



AFRF|Ex L B2 247 T FL2FF AT VP A F AP % - LT 5P e
2% opd LAA RGeS 2 AR VPL AR A S LR 2 v 4

(2802 .. 2627 ma'.ll 23R (FEE . 30D

Brast (0] L1577 ., 190a) EX-F Akdd (201 .. 2977) #angd (Tane)

— —
ST Ty et
=] 3

an
LA gewlify
EWrl
Bt (21 coenz . znz Primer 3 Priar 1 g2mEawr) Bod irans)
T LI T
- - d
wrd \ TuTR
an
]
P praduct
Cox AZ
Errryee
Staet (2 GESPY S Primar 1 {2051 - 5979 End (7434)
—
i . Ty =0T

oo Ad
TA3L b

StaE (00 [ZB0Z .. DEZF] PHMer ‘l. Praver 1 {2051 .. 3277 Eng [T434)

Con A
A% b
bt () (enF . FREF) Frimmer ?I Ip-:m.--- (SR LTI Eng (Faire)
et - Aq0o! oLap!
wrea | WTH
kL
| [ ]
Factor Xa sbe PCR procuct
CoX AlD
A b

Fl=. %4 (EVTL), %04 A2 (CoxA2), nii# Ad4(CoxAd), =i+ A6 (Cox A6),
2 5% Al0(Cox Al0)% 531 A 512 & « VPI~VP3 % sd 8 s 2 o
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Coxhé l e - TAGC-=~{LIT ITAGAATT GTTAAC -} GARCA
Coxhl ]l sememmeme e == A TACCTCALICY ITCECAlITACGETTGTa AG RCCA
Cox ]l mememm =@ T CCAACACATCC]IT G ICARGAICACTETGGAT RGC ACCA
Coxhld ]l mememmem=TCTAACACTACALIT G T ETGT ICAGAATT GTGTTA ACT. GTCA
CoXhd 1 GOAGCTTCATCCACAGCCACGLIT :HrETET ICTCC !EE:lEifﬂ! CAC RGCA
EV?1 l =e=me===0@TCGAATACTAGT T Hrarer ICTCACITACCACAGET ACE ATA

Coxhé 79 CTCCCHTAMA S EEEI ﬂ;!------ﬂl CTCAGGE AGTCAGGAC CACGET
Coxhl B3 TTCAAZRGHAGCC Gra= =G TAGCAGT ===CAGAAG TGANGT
Cox B8 CTCCCHTAMT -ICAT RAAG =AAR CACAGGE GLTGCTAC CACCAA
Coxhlld B? CTCACHCTHASGTT G GTTG =AAL COGAGGCIISCGATACARCE TGCAGT
CoXhd 96 CICTAZGTOA-GGCHG G NG Gt == == AGAT-INTACGAGT RGTGGECAAG CTCARA
EVT1 B9 CAGCAZAGHAGCT A GAg e CyTCCTCTAAR CAC-==-CLISCARTCCARAC TGCCAA

Coxhi 168 GC
Coxhi 169 GG
Cox 177 GG
Coxhld 176 GT
CoXhd 185 ca
EV?1 181 &T

CpGANTTIAC T TG -l PCTCAN -~ ~ZGACABE
cﬁm'—"r-:ﬂncnngz ol - cPcacTeac- - -aeaTeac
S i i ol - -cRcCACTAG - - --6BCTEG
A oA T Tealll - - sMcancadaannreaceas
et a --nk:ﬂau---uucﬁne
cMea” 1 rocllcaccTace - -aBANGES

-~
G
FELEE R
£ B B B 5
3 H

-
[F 1] =1
Hﬁgggﬂ
=
2] ) W

7 73 3 3

Coxhi HEE

Coxhl T Q

Cox cC

Coxhll cC

Colhi e

EVT1 ce

coxas 151 e TATEC-GCAAAGTTGAGT The region 1s low homology,
cor 360 ng e e +{ and it is suitable the design the
Gaat  ash n: e small probes to distinguish
BIL s te EESSESssssssssses different type of virus.

Bl . %4 (EV7D),% )4 A2(Cox A2), %i# Ad(Cox Ad), iii# A6 (Cox A6), w
¥4 A10 (Cox A10), 77 #4 A16 (CoxAl6)—+ B ¥ 5 Cox % 63 VP1 A7t 42 £ 8

fBlY =235 2 VP AFIL B AL 2 3040 5 5 1 pt 0o F (TP pl ik B A Al gk
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ANB8 AAAACTGAGGGGTTCGTGGCCGTTGGC
ANB9 CGTCGAATGCTAGTGATGAGAGTATG

PCR condition
95°C for 10 minutes
1000 30 cycles

PCR amplify 95°C for 0.5 minute

region 376 bps  55°C for 0.5 minute
72°C for 0.5 minute
Final extension
72°C for 10 minutes

BT A1% B¢ &3 VPL R FIL B g 30 S 376 bp $54 - 3 fe 2 5]
F o PR A PG F e 5Y 0 At VPL R 2 LT
2. 7 VPL 49
L AEAIT VPL A TR AL BT Rl b 0 4 Mg 7 VPL AR BE 0 11 AR

500
150

Lo RBELEE HYRIREER T S pE 713 VP AT E R

1" AR L AR HEAEFGHE DY 21 R AT RS
FRAEFS FVPL2Z L8 > D44 VPl v A BB 27k £ A 553
(Escherichiacoli) & % i fm?e (75 £ k4 A MF B2 A W2 VPl o T 5 ptztd

Et &I VPL A7) -
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Subtype A, C4,(C3, B5, B3

GDRVADVIESSIGDSVSKALTPALPAPTGPDTQVSSHRLDTGKVPALQAAEIGASSNASDESMIETRCVL
NSHSTAETTLDSFFSRAGLVGEIDLPLKGTTNPNGYANWDIDITGYAQMRRKVELFTYMRFDAEFTFVAC
TPTGRVVPQLLQYMFVPPGAPKPDSRDSLAWPTATNPSVFVKSSDPPAQVSVPFMSPASAYQWFYDGYPTF
GEHKQEKDLEYGACPNNMMGTFSVRTVGSSKSEYSLVIRIYMRMKHVRAWIPRPMRNQNYLFKSNPNYA

GDSIKPTGTSRTAITTL
HERATEEVPLZ FFY]

Subtype C5, C2, C1, B4, B1, B2, BO

LDSFFSRAGLVGEIDLPLEGTTNPNGYANWDIDITGYAQMRRKVELFTYMRFDAEFTFVACTPTGEVVPQ
LLQYMFVPPGAPKPDSRESLAWQTATNPSVFVKLSDPPAQVSVPFMSPASAYQWFYDGYPTFGEHKQEKD
LEYGACPNNMMGTFSVRTVGTSKSKYPLVIRIYMRMKHVRAWVPRPMR

3. & EREWNTH2Z YL SnMm DNAFS FA T %45
é’-tb‘?l%é ’il.ﬁ]]x;g:’\';é?b:'\'@_%% ?_,i ’lglfa\".;ﬂ W‘\]‘lﬂ"ﬁ]— HT']'"I![#*J

R - B2 ERENTER EWERS 102K 0 20 R 40T 0 T
PET(polyethylene terephthalate) % % & ++ £ #4= £ B iE % (L11) &K ¥#5] - kLT > 600
ZAEIEZRBRC o ZR&EPER o

HRE
AR

€nsor

Bl= @& &g mals 2 Wi
4. SEpE 1 DNA & 24 H%4 5 2 DNA $E4 ¢ e 2. DNA 3¢ 2 (hybridization)
B s i
AzEgk? 1% SpafE i DNAJFE > gk b4t d & BT 407 BI(A)T
FoRLATAdpds £ BT o2 EF R2EA T AT CDNASIF (54 £ BT 2 mdn

R34 7 A ammit DNAGIT 3 54 4 plH S e & (3914 4 chlidi s AR £ 7 82 & % 15

ArA A 2 [ERL o JERLL A N ASRE 2 5 o
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(A) (B)

—— iR THEZ MR

R1
- — BER#HMEDNAZF
Immobilized DNA R2 #hietRTEZmE
L BE#AMEDNASF
£ . i 36 40 A
X Ly XA
R T mewkmAtzmR
R2-R3=AR 2 . MiTEADRAR
EEx 11

T

R1 R2-R3= AR
—t e —— -

W= 2 (A) & & REFTEE 2 PREST LR - B)Rebdks £ HlEm®it cRLAR
At BT R2 A7 AR DNASIF s £ hT 2 24 R3 A7 AE

.,

Frpk - DNAGIS (6 2 8RR Pt fe & 472 4 Shlda s AR AT e & B 4T 2 2 e
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T~ BWmAER

KRR Y R TR A PR E P T P %ﬂ),%@mf FIV ARG S A AT BAR S TS
FEARE MR A HEEHREEY X PN AT A BT AL ET Y 20 B A
WAFIFE > Ml BRI 2 FPRF AN IR ERELE - PR3 L ET e h
T RAPRIPULETRAZENNAAN I EAT S22 KA L AN AEAERE LR
HH AR RBEATE W2 E 0 AP FERE AR F 2 PR A g s R b
RAE o
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I FHERFE SR LHER

B AR 15 AL ) R SR 0B 8 R i AR AR 4 i R PR A 474 R
ik FIA S| 0 F] 5 13 £ e (G F S0~200bp) 0 & 4
(assembling algorithm ) 4 st I H Eeni % o FBI L P EDEHFH 7 S 2375 a0
BEVR I g0E 3 34 NGS LA SFOP 50 71 5 2 2R § £ E 6 2 o4p ot NGS
(Next-generation sequencing) =t £ i TR HjiF# - B2/ P EHE R TF <300bp ~ & F & Wi
PCR #f#His3c+~ DNA th4d > 5= AL F LT AHIFE - BTAPEELEARTE£E 10kb 3
# Mb " A% F 5 PCR HHi3c > ¢ T FIRH L 25 {43 s £AL (&
Br > @R HTHROEE S RALE Ao HF - A g8 FF FH R A ISR
[E fi*u%\ cFET AP MR AFRIATEFPRAE S B (B Y e )L p e g
£ &'t % * DNAase 2 “f B i AT 2 FIR § o DNAase § i = BRI RELE AR
PR AFIE RN c A RKBE Y AR FATEBFPRAF 2 ER2p B FEE 2R
MEAELEEPREREE VAR AN T AE AP
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