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Abstract

This year, we continuely developed programs and databases of pathogenic
whole-genome DNA sequencing analysis technology and application plateform.
These items include “development of tools for generating SNP profiles and
phylogenetic tree based on bacterial core genomes (PathoBacTyper)”,
“development tools of bacterial whole-genome AMR genes detection (AMR-dt)”,
“A. baumannii PGAdb construction”, “k. pneumonia PGAdb construction” and
“A. baumannii and k. pneumonia wgMLST profiling”. In PathoBacTyper, we
introduced the multi-dimisional scaling method (MDS) for visulising clustering
results. The MDS method can assist user doing outbreak detection in a very trivel
way. The AMR-dt tool integrated the “genetic profiling tool”, which is developed
in 2017, that can fast detect strains with similar AMR patterns and provide a basis
for AMR detection of metagenomics. On the other hand, the PGAdbs and tools
developed this year will deliver to Taiwan CDC for furture evaluation and field

application.

keywords : Next Generation Sequencing (NGS), Whole-genome Multiple Locus
Sequence Typing (wgMLST), Pangenome allele database (PGAdb)
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d 5 WGS Hprax kA% 3 2 > 2 B & A4 AR RASMAE > B WGS ik g R
%ﬁﬁgﬂ@ﬁﬁ;@go@&ﬁ@@ﬁ%i%iwggﬁxﬁiﬁﬁﬁzA4,ag
Ik FREDL S OTAGHCREN » Roplt o FHAFEY FREERL L OF %
T LR P A AL E S L o T E ko IR R BRI 0 A A
At o FARKAR S A X R 6EET WGS B AR ERE A iR o ¥ bR -
BLE B LA F Bk BHTATEAA T e ?Kiﬁimetagenomics s e Hoa B R IE R
PEBwER AL BE - FROB I L RIA AT FEDE S 0 S BTN A G
EERRBREFEA AL T RHI L > LR ARPIATE L RREF B 5B
NF b+ oA A A AR B84 ) 71(Koch, 2016; Lipkin, 2013; Miller, Montoya, Gardy,
Patrick, & Tang, 2013; Pallen, 2014; Rose et al., 2015) -

2018 & B 4 0 F 274 Rt 2 2 ifﬁ%:}ﬁaiﬁﬁﬁ ZH 5 8 2013 B 4% K CDC )*J-*ub il

)

B esm i WGS 2 2 274 B3 R eh 1 @) % (https:/goo.gl/j6UfiQ) » ¥ & F e ¥ 11 17 )

#ig 2 PFGE { #rpenid o ¥ ¢b > 2 W 27 7 Far bl ~ RAanTE 2 (& #
WGS engtjirt 38 i * >t 3 274%F 7% P(Mouraetal,, 2016) « @ Afep g A& 47 5 0 o
PR A FESF R AR ALY F R 5 ML R R 200 2 3 R R LRSI B
LT o d EBRA B A & € (Welcome Trust)#7 £ 35 cng 4w faFap B 4 Feh 2 2 714 2
B tlap B ABZAFE L o dn 01 WGS % R B ZD & 2B
gy a3t 20138 4 ARE L mj? B 1 3rE %?%5 # #p 7| (New England Journal of
Medicine)(Eyre et al., 2013). % 7 # & Rk > B enig Rl LA mE R REL
o XH P53 ERFREORIGE R DR R AL Fid v HIp LS 2
FIFALE o W 41 WGS KR ARAEN - FEREF L > 2 #E* WGS k3R
Eﬁ’#’ué&? 14 (Gordon et al., 2014; Koser, Ellington, & Peacock, 2014; Nair et al., 2016; Punina,
Makridakis, Remnev, & Topunov, 2015; Tyson et al., 2015) °

> 2K T4 5 A R e whole-genome MLST (wgMLST) 4 3| Hits &_4% PFGE 4 3| s

2 m iR T AR g iRl F(Nadon et al, 2017) = @ 4oim i B 2375
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% £74 B (Listeria monocytogenes) ~ & 3% 2 #+ 1% F|(Acinetobacter baumannii) ~ 5. § 3% % X
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v A b4 o i 4F e PGAdb AR * ok A 4 wgMLST profile » ez ¥ 7 Z #74F
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T p g % 5 R FfE X F B 1% F(A. baumannii) £ 5.5 A L A% F (K. pneumonia) 3 & 41
i R % 274 F(L. monocytogenes)iZtk FI14E ¥ = A FIF A B (PGAdb) ;> &= T < 7 § 4
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2. R AEEF - LT LW LR F - 35 F wgMLST profile:

FI* % - #2222 wgMLST profiling 1 B2 2 g < 7 45 7] ~ 5o 5 9% U % ) ~ X 274F
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TR » B R A FHEE 2R & S - B opanel - BEA P p 7 HF S wgMLST 2 2
I EHpRAPRFNT AFTRE > T o DER R AT ALY R
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aminoglycoside 247 AMR Type profiling
beta-lactam 1963 AVR Gene set AR Tvpes

colistin 52 from ResFinder

fosfomycin 40 ﬂ aminoglycoside  colistin  vancomycin
i 2| | e
glycopeptide 44 :

macrolide 174

nitroimidazole 14 e | 5
oxazolidinone 24

phenicol 45

quinolone 121

rifampicin 9

sulphonamide 54

tetracycline 143

trimethoprim 105

4. §1* Ftk core genome & 2 SNP profiles £ phylogenetic tree 2_ ¥ 1 & :
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iz # 4597 SNP caller £_Lyve-SET(Katz et al., 2017) (4c% input %_assembly) 2 %
Parsnp(Treangen, Ondov, Koren, & Phillippy, 2014) (4c% input £_raw reads)  SNP
calling #7 & # ehiprofile #-i&— H 4 & K3+ 5 f (* g > &8 @ * FastTree(Price, Dehal,
& Arkin, 2009) % 3+ & 7 i pEAR LT iE # SNP tree » i i“ 714! * python ETE3(Huerta-
Cepas, Serra, & Bork, 2016)fiCie s ¥ o vt g ] el > 2§ F b1 * k2 B 9 SNP
§E4# (Euclidean distance) % 3+ & MDS 4 % B » 7 12 Poid {4t S etz /AL TR
AP MARR o K EHEBE W RIGMLE 1 E o B 3 Ao 2P pipeline e AR o
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» 1 W i PGAdD ehp F o A gRY B R Tlocus &7 kA P RS 1
"locus ¥ allele £ &4 fF j ARE M ERFTHE? HERLGALE - EpREYT M 4%RE
B IR > 10 A baumannii PGAdb 5 »|f2§f & Bl4cT™

(B1 4.2) PGAdb * locus &7 I Ffk 4 FI4E 11 R2 & G5 -

(B 4.3) PGAdb ¥ locus &7 I Atk zk FIRE IR F & 5 (2 f I F ] 3 2% locus)

(B 4.4) PGAdb * locus &% F pﬂ%%zgr]%*" MIF REL T

(B 4.5) PGAdb ¥ locus ¥ allele & /& 4 i (71 # |- av 103 i locus) °

(1) A. baumannii PGAdb

i d NCBI Genome F 1 E T g\ég R R 5:] fasta /& 7] & 3+ 2,625 4 » & | *
"PGAdb =% 1 & | @T# PGAdb - T o A w B R MFHLE ¥ locus p 7 allele #ic & 1t

21
F .

&l 4.1

Acinetobacter baumannii
vo 17356

15000

10000

Number of loci

2985

2019
1635 2012
- - 13 3
6-10 11-100 101-500  501-1000 1001~

3-5
Number of alleles

B 417 k14~ % #cehlocus @2 5 1 % allele > % 57 unique gene/locus & PGAdb ¥



& 4.2 B 4.3

Genome coverage distribution Genome coverage distribution

Percentage of genomes covered by loci (%) Percentage of genomes coverd by loci (%)

Cumulative genome coverage distribution

Persentage of genomes coveted by loci (%)

"B 42, B ad73 colocus P oo 7 e AR FIRE IR SR 14(< 2%) 0 locus i % §
#c > unique locus (<1%)#c & #i1 90% 0 2 H- NI F<2%:locus 0 FI] G A4e [ E
43 ) chaim o o d - BEE AT 0 IR £ 2 80% (core-gene region) it & I ]
** 20% (unique-gene region) s F — B4 E 0 A * XL*Emmfiﬁg EL R =i
@ B 2 [ (20%~80%, dispensable-gene region) ] £ T 4 o & > % L R FRE T
GSERIIFRA SR TITHE TR 44, LREAGE Ty ke T 42
fEd TR 42, 1 TH 44, T A R R R i TR AR 02124
R R R E AN ks A 73] @2 (genotyping) s locus B E o T B 4.5 1 gL
7 o 103 B locus allele & & e4 (5 35 > B ¢ é‘}, [ %ﬁti‘_ﬁ o0 ExET
locus ® £ B & & hallele :d # #ic® + & 5 (Fd) > &7 NH{HENPPEE B locus %

}l]rﬂ&;‘y o
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(2) K. pneumonia PGAdb
# i d NCBI Genome F L& T ?é‘@ % B 4% fF fasta B 7 &3 3,659 £ 0 A *

45 2L .

"PGAdb# % 1 & | £ PGAdb - Bl 5.1 TR FHAE Y locus p 7 allele #icZ h5t3

® 5.1

Klebsiella pneumeoniae
27906

vvvvv

15000

Number of loci

S22 017

5768
e 3942 3650

125 4
v 000 1001~

35 6-10  11-100  101-500
Number of alleles

B S.1°7° k7%~ %#chlocus @7 5 1 % allele > % 77 unique gene/locus & PGAdb ¥

B 5.2 B 5.3

Genome coverage distribution Genome coverage distribution

Number of locus
Number of locus

Percentage of genomes covered by loci (%) Percentage of genomes covered by loci (%)

B 5.4 B 5.5

Cumulative genome coverage distribution

Number of locus

Percentage of genomes covered by loci (%)
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"R 5.2, Bor &7 chlocus P oo 7 Fe FERAR FIAE ) IR S 4R 14(< 2%) P locus i & F
#c > unique locus (<1%)# £ & 7 #37 90% » 2 # NI F < 2% 1locus » FF] 7 4 T H
53 e iw o izd - BEE AT B dIRS < 3T 80% (core-gene region))4 & IR )
3+ 20% (unique-gene region) ' 7 — B & > {22 11 IR & core-genome region 7 peak
i XA E K pneumonia 3 F1%8 B & 4p i > F]P* core-genome % conserve » { i&- #
fo o ZR AR HIRF L% blEr- kX8 0 AR F K pneumonia ¥ T i ik F
S BRMOTE ] o B 2 77 (20%~80%, dispensable-gene region) B| E_T i & & 0
FERFARE GRS LARAF AR TR TAL o

(3) L. monocytogenes PGAdb
#2474 NCBI Genome F BT % 3 274 7 fasta /i 71 & 3+ 2,231 £ » & % "PGAdb

b M R & 2 f? PGAdb - B 6.1 TR FHLE ¢ locus f 7 allele #& shsizt:

i 6.1

Listeria monocytogenes

4091

Number of loci

13200 155,

I I ]
1 2 3~5 6~10 11~100

Number of alleles

89
— o 0
101~500  501-1000 1001~

B 617 k14~ % #icenlocus @7 F 1 % allele > % 5% unique gene/locus % PGAdb ¥
Wb S wEL &B Y blchloci P oallele shdic® & 11~100 2 AF > 42B] ¥ & L.

monocytogenes 7 F1HE 7 ¢ BRF AL Flenik T iR g #TIR o
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& 6.2 [ 6.3

Genome coverage distribution . Genome coverage distribution

Number of locus

Number of locus

Percentage of genomes covered by loci (%) Percentage of genomes covered by loci {3)

& 6.4 [ 6.5

Cumulative genome coverage distribution

Number of locus

Percentage of genomes covered by loci (%)

"B 6.2, B i3 chlocus P oo 7 Fe FFRA FIAE IR S 4R 14(< 2%) s locus i & F
#c > unique locus (<1%)# £ & 7 #37 90% » 2 #H NI F < 2% 1locus » FF] 7 4 T H
6.3, ek v o o H - BEE AT 0 ADIF %3 80% (core-gene region) 2 2 H IR G ]

** 20% (unique-gene region) i ¥

3 - @ & - & J IR & core-genome region £ peak
20% region % % % ° ®vR¥F L. monocytogenes # F1¥ F B 4p 1 > F]t core-genome ik
conserve » { - it ZREFR? DM F L% ke R A® 0 ARF L
monocytogenes ¥ ¢ ¥ iy il E F 5 RMEDF A 7| o % 2 /F(20%~80%, dispensable-

generegion) 1] LT v > R AZRFAKRE T S L A3 AP ORAFIRETH -
ZEERNTHFEF LT KRR F A F wgMLST profile:
APt 106 £ K ¢ B o wgMLST profiling 1 & %51 A & R £ ¥ 99 4. baumannii, K.

pneumonia, L. monocytogenes PGAdb #-# f;«?ﬁ% ek F1RE B 5| 4% = wgMLST
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(cgMLST) profiles - # i Ftk & FI88 B 71| L2 (7 2L FIFER] > 2 f8 #3881 ] (Open
Reading Frame, ORF) 5 7| & ¢ £ ¥ 4+ 7 PGAdb ® & 45 4p ¥R (5 748 F ) allele &
IS e Iy I‘Jfr“u.&{;% PGAdb # ¢ & & d4Fallelenumber o * 4% 1 3 ﬁg?] :".%T}IJ:

# 1. wgMLST profile # &

00001 | SALDODC002 | SALOCD0003 | SALO000004 | 410000005 | SALODC0C0S | SALODOO0OT |SALOCO00S | SALOCO000S | SALDOOCOI0 | SALD00001 | |S410000012 | SAL0000013 |SALOO00O1S | SALOOOOOIS SALDOOCOIE
0 ) 3 2 B

f )¢ TSALxxxxxxx ; % locus name » # & e#cF i+ 4 isolate &% i locus ¥ *7
15 I AP $ U allele sl > & - F) R & - B FRAFIMOT R > 2 FEHET S BRKE
v 16 B locus profiling e % o A # pt 1 B o wjiE § & 7 # & ﬁ S RT AR

& ]~ F 274F F) wgMLST profile # #-iz & profile ™ F AL R A58 (8 5 i FHL o

3. w2 A FMPF LA IS FL L

F ;Faﬂ% LB GPIER e ardE 2 F]Jf%\” ST RN & 03 °‘f I ;pf%f,rét_?ﬂ;iip

LEHFBRE 19 R FRIE(P (T2 NGS 2B 2 Faridsk Fik) » £33 8 R B s

(ACC) » &% 4o £ 2

3 2. PR MIE PR IR

Isolates ACC Isolates ACC

CD14.202 0.93 R16.0309 0.86
R15.0334 1.00 R16.0460 0.79
R15.0475 0.93 R16.0676 0.93
R15.0609 0.86 R16.2821 0.93
R15.0612 1.00 R16.3355 0.93
R15.0614 0.93 R17.0464 0.93
R15.0626 1.00 R17.1311 0.86
R15.1006 1.00 R17.3022 0.86
R16.0193 0.93 R17.3161 0.93
R16.0267 0.86

S B A PTR B R B B 0L RIAR S AR B AL T o L RSB AR R B B AR
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3. P ARLIFEE RO ERBEHRSF LR RN L G RS F L RE
B I OLARR BN o o d L EAUREEKZ % o - A~N 4 8] % 4 A: aminoglycoside, B:
beta-lactam, C: colistin, D: fosfomycin, E: fusidicacid, F: glycopeptide, G: nitroimidazole, H:
oxazolidinone, I: phenicol, J: quinolone, K: rifampicin, L: sulphonamide, M: tetracycline, N:

trimethoprim -

A B C D E F G H I J K L M N
CD14.202f 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
R15.0334f 1 1 1 1 1 1
1 1 1 1 1 1
R15.0475( 1 1 1 1 1 1 1
1 1 1 1 1 1
R15.0609| 1 1 1 1
1 1 1
R15.0612( 1 1 1 1
1 1 1 1
R15.0614f 1 1 1 1 1 1
1 1 1 1 1 1 1
R15.0626] 1 1 1 1 1 1
1 1 1 1 1 1
R15.1006( 1 1 1 1 1
1 1 1 1 1
R16.0193( 1 1 1 1 1 1 1
1 1 1 1 1 1
R16.0267 1 1 1 1 1
1 1 1 1 1 1 1
R16.0309| 1 1 1 1 1 1
1 1 1 1
R16.0460[ 1 1
1 1 1
R16.0676] 1 1 1 1 1 1 1
1 1 1 1 1 1
R16.2821f 1
R16.3355( 1 1 1 1 1 1 1
1 1 1 1 1 1
R17.0464[ 1 1 1
1 1 1 1
R17.1311f 1 1 1 1 1 1
1 1 1 1
R17.3022[ 1 1
R17.3161f 1 1 1 1 1 1 1
1 1 1 1 1 1

4. 1* F#k core genome # 2 SNP profiles £ phylogenetic tree 2 481 £ :

5 7 RIRRS AR 3t b pipeline - AV ] * Bekal # A 4T & 59 $& S. Heidelberg f)
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th(Bekal et al., 2016) i&{7ip|3 o 2 P NCBISRA TR #-:% 59 t& [ﬂﬁ\mraw
reads T §*w % > 1% CLC v9.5.2 #t#8i& {7 de novo assembly ° #' i = ¥ §t pipeline i&
7]tk assembly 12 2 raw reads %‘J »iRl3R o 59 tk S. Heidelberg Assembly 17 %2 raw reads
w7 587 00 R 101 A dE R s o AP e RPR B S two 2.40-GHz Intel Xeon
processors comprising 16 cores o #' if* sf1 pipeline ¥ & 59 R AR Y = # ® A N 3FEH 7 F
f1outbreak FHR 0 d & 708 % F Ao #ﬁiﬁﬁ?’é_}% B cluster stk » R FFAL R & 10 B
SNP up > @ % F cluster ﬁﬂ?ﬁﬁ{it“ FFenid % <2250 % SNP o @ ]* maximum
likelihood = j* #7i& ’f#m SNP tree H f;:’]v]:;\;:;'b% M %» 22 Bekal & 4“1 A eng % - R o
¥ e¢b o & SNP B #icid BB 74 g e MDS » # i R B= B cluster o 1 #* 59 & S.
Heidelberg 3 {5 MDS (8] 7.1)4 #L.5: B AR (R 7.2) ©

7 1 Outbreak? ET 2 e
. .
1}|117 l
13 310° 53
l 12
Outbreak1 11].:_,]
6 47 s
D2 46
i s‘-.'. 9 52
50 : o5 19 =g
0 56
* g 748 . 7 51
Outbreak3
41]40 l
24 aw 45
n
72;02 38
’355
33 Lzz 58
2z| mzx"

202793657

W 7. 91* 59 & S. Heidelberg *71& #f.<7 MDS (B 7.1)£2 32.% b Ch (B 7.2)

AR - BEET FT U HESERT L BHRLEFIMA A TRE 0§ Bk

Sl =t ’éﬁ% SN S S ’éﬁ%ﬁwﬁﬁ S B n’,"ﬁéﬁéﬁ » I3 i MDS s i
HEAITZ T A R R R TV RET R F I R ARG B

%2 MDS i % B R %L%ﬁf#a od WIF L N ERHRETERF R EF A TSR
PEXL B F WK A FRAR2AFIAEZITHRZEF ¥ rdo T o P F 1 B
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(A)

(B)

(Gunama row rass o onug 142 10 FASTO, FASTD e ar FASTA femiat

e ot o Qe < 1010 WG 1 1 sl ki 100 (ot sserles 110D 0 s st

o, . Chioms,1L10e, Satn

Upoag e
Prowse.

souence (Opibraty

L T e T —

[EE—

vmwr | samperin

Species identification result (confidence value %)
Please choose a species as a reference for SNP analysis

® Salmonella_enterica 100%

O Salmonella_bongori 50%

O Enterobacter_aerogenes 36%
O Escherichia_coli 34%

O Seatia_proteamaculans 33%
O Shigella_flexneri 32%

O Comamonas_testosteroni 31%
O Rahnella_aquatilis 29%

O Agrobacterium_tumefaciens 27%.
© Sphingomonas_echincides 26%
O Acidovorax_ebreus 24%

O Eggerthella_lenta 23%

Run SNP Analysis

(=}

Multidimensional scaling (MDS) Maximum-likelihood phylogenetic tree
SRRI028791
RR3026790
- SRR3026753
RR3028746
gkkjﬂzkﬂl?
- RRI028751
£ 5 SRRI028749
s RRI028760
) RR3I711282
_'r RRI711286
RR3I711296
ISRR3712208
@ RRI684173
RRI684194
SRR3028748
RR3028752
SRR3028789
SRRI028788
5 SRR3028787
-SRR3028792
@ SRRI028786
& SRR3028785
[SRR3028767
RRI028769
RRI0267568
Label table RRI026773
RR3I028756
id file name RRI028776
0 [SRR3028736 RR3026757
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