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t1s o tjOdzdets otcj &3y ftsHMddzo Ols B toL SIsts 9o dzj Htc
Bsdzd sstcd dz6 © dzO@ ddaW j SydssL dzdilsj L OBtsdzv 9 Odad W t
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Massively Parallel Signature Sequencing (MPSS)
Polonysegenci ng (edkzdzhmdtsdzj dz PCR)
Pyrosequencing

Solexa sequencing (bridge PCR, reversible dye terminator)
Sequencing by ligation (SOLID)

lon-semiconductor sequencing

Nanoball sequencing

Singlemolecular sequencing (Helioscope)

Singlemolecule Realime sequencing

Nanopore

Visi Gen (FRET, f{sdzddjttOL O M WWazktstej myd d
g#jCojdadtcOdzj Yto jMicroa@rmdyy tedHdL Oydw (
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Rifststedw dzO 11s MjSojdedtcOdzj Ists:

Tindsdzseddlsy LO MjCojddiOd) &O r1s kol
fOLOHdEBd o toOdCidisijls qita) StEwC sdaStss  § j edSH Bls ¢t
cOdzdzdlsj] EMddzdw L O fGHi)YHOd ©&O Bdtfsdddjttd
i CojddteOdsy d L isY ettt dz@o gz ptcw o Odzgj i o tots
fshdzj Ho Odzd ©ls 1§ 5w s @ aGd dz0 M plsasjedslpdt dfjg O dzO dzd L
fMd CojddteOdzj) Tdtehdgbts sBOdjddy r1s My Soddd
ihdzs it dzj S b drdzts .
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L sdzL 8 Ols € ted M ls O dztsRO$D Finchiding MaDrizeadfilkinstc OB tsls

tco sdzOYyOdzdzdIsj Efmddzdw MO Mmi Mtej Hislssyj dzad o
j dels dfj Hoflalzdh j 2@ > dzd (18 G4 desd3d< dzO B OCIsj ted W
-l fsls jEZC Oted silsdzad s [1s dBdzj Skdzd d
dzd, dLo jMmlsded ssc 0o O EZyOfMmli yd, tOL L
Isj L d dzjQz0edt€ jJd3jddsts, to Jds@tfvte juhi € Is j B Oo9 j d
MO LOddiMmlse Odzd s O0dzOdzdIsd ydzOls© =~ dd
H dad W i MlsOo , 0] dzj HO HihdWtedtcOls
pdzMISSO dzO {1 ¢L oIyl € dgdt Wee Ofy dyj s df ez
YUd t1s MiHIi 6O dkizCdjtsksdHdd BOLO, Ctwilsts | ©OL
Robert Holleyd Ctdzj SIsde HB EEMfFjrO HO MddasjL dJtcOls
O dzO dzd dz IS@cthgromgdss cerevisiae 1<) tc o Odedotc AP ofi1 s f sMmdzj Hiso
OdzOdzd dz Ist1 s, 4 drdmSoOdkzO fjls EZyjdd, ©WOBBISH
(dLtsdzdteOdz tsIs 140 kg HttsyHd) LO HO BI HOI fMmjCo

Il IsLtd fjtedtsH d0@ Mmdadzj dz dzOf toj H SCFred SatsgerdzO mls Is ¢
Csdzj SIsdo tOLcOBSISoaOIs IsjrndzdS O, BOLJEORO d&O tslis
sls r1s MdziH HeokzdL d&3j tcdets W cOS yd tsdzed PO de3y. Is BW te j die
WieOC yd tsHafts Gidegz v 9 O HO AtOLEOHOjA i coOlsDOY i
CsHdtOdzj sts dzg@ ftetslsj JdzO@, dLGtcOyHOMN tsBOdOEC OO

]l IstsL d RfiyWedDmle Kaiserd L f sdzL 9 Ols Isj rdzd SO M ©OHJSC
CtcOdh OO O 1 s WitcOcHpjtdelydoldbja ctdle r &z jadztpd@ lgdz®@ & to
¢Cimd mj Sojdydd tsls ¢ j dztsdBO.

ddzj HO O OISO WkdHOMR] dZlsOzdzO CtLOYS O o wBOLOdIs]
9 ®BIIBHJECOISO dO Mj Soj ddteOdsd dz2O0  sdzd OF ted dzO d3q
Bdzscaa-ticts tOL HJ dzv dzj dzQ@ WiisiEsdgjcdfl®d Isfj jid s Isf o dzO
M Jdzi CbtesWtstejL O ( ~ntesiROIstsctcOW dw ) C sd3B d dzC
1 sdzd OCted d&zORRJH dzZOISO G jdz jdzj SstesW tstej L O tsls Mtej HC
foslssC sdzO L OAlamGdllsojf@dte @dzy 'as dA prlifygdsiij A0 O dzO
dB3ddzzfm) d BB IstsHdSC Ols O L Adan Mexemnof Wadtsr Gidbert y § f & Gezgf ¢ &l
dz@lan CoulsofSanger' s Apugtamed Omirpgsifsdaddj cOL O L
tcOHdtsB j dzV L Odz f cO2 3 o d o0 Y O dzd ® Istf i {6 olztf BRI B OF
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a) WA
ATGCAGCGTTACCATG. . . ‘l c
HG
T
A
A ATGCA
ATGCAGCGTTA
ATGCAGCGTT ACCH
ATGC,
ATGCAGC
c ATGCAGCGTTAL
GCAGCGTTACC
ATG \1G
ATGCAG
G ATGCAGCG
GCAGCGTTACCATG
AL C+T (P2
. CAGCGT
GCAGCG
ATGCAGCGTTACCAZ
d) Inferred

A c G T sequence G A+G C CaT

Increasing size band
Direction of migration

PLUOOPOOD«L«“IO0>
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BOLdeOdts ttlydlsOody (foLotdveOhts tjOSCydqwisoO HO
94 0 jHOdZz] dO COfddzvtedzO jdzj SlstctsW tstej L GO daj 3jdEds
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Hi CsHtOdz] Is s B@RG d M pzss @G IE0Os W gse J BBON ddzd L © M €«
1 s Sdotfif s5C tsdzj ded jJ -dfQaidm ogjls) HjHSZA £  dztsB OL © ( k b
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Attached

DNA i

Microbead

Bridge amplification Flowcell-bound cluster

-
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C)MH o [ S [ S I d) mﬂ*xaﬂﬂ

Picotitre wells containing DNA-bearing microbeads w ﬂ? ?& €

Flowcell
bound clusters

Adc. 2. lteddzydtf “dz@ dzOIlstso Otco Odzj dO BOG dad Is
f Olsj dzls 59 OdzO s G454l jidStitndes ¢ ¥ dzO
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tcjWjtcjdalsj dz. ISOCi & tsls BOLO HOdzdzed. uvtso O MmtcOo daw
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1= Mdzs, 9 dMststedwlsO, MisOdH OlsdL JcOdZOISO 9o j
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fdesW s O, O foMmMtcjHMsotsdy OL ZdS OISO 9o 1 ¢ tod
o) d3J dz0 Q tzts dzg B4 6 dZOISO t©J OC ydv. RL d3j &MOSlz] Is ts
Sjrndzsdzsedw, dJqLYBAZLIORO ftod fttsdL otsHMiso BIss dzC
HO9 O 9l LBsydetsMmls L O ddetsets BI oL 5 Mj o jidedtcOdzaj ¢
dzi J YBHAtSHWHO HO dqdzlsjteftcjlsdtc® rn it tsdd i3] tcdz
MdecdzOdz, Isi 2 COIts dgdzsy j Mlsets dNTP Mmi<ey OHOIs.

A jotsdzs yqvwis0o @&Q Od i3detlz@Bd OOIKABBY 5 sl tcdzOIsO toj o t
20 &0 [ bkt: Moisy dshss0 &0 &ditttsyditse jlsj
gy yjdO) MmMj LkHotwe O {dzdff B dzdtsq Bp tizdzlyj 20 dr
d Hi &2y OO dz0 fjSeojddtOddls §tfdjHEs Olsj
O ofpj ¢d il &BiMjyo. 1tjL YsMmdzj H ddlsminadsH d dzd
5C 0L OO -EMPls 6 dz@O2 Mj Mdwis@sL @] &b detad s@ddpbs s o
s¢ s

i
d

stejlsts fsCtsdzjdzedd 711 d o ddteOdz] :

s M
v CojddOdz sts dz20 <JHddzed ydzO dzsdzj CkdzO 18 ¢
sftcjHjdVN dIsj] ROLOCIittdmisdSd dz2O0 Itojlstslsts ff € tsd
2O dzj sBRrtsH BsMiE Vs lsZOOREH G W iflOUW SO Cvwists f tod Mmi
ftejHatsHdzdIsj JjlOfd Bl dimtstedWwIisO dzg© fMmj ¢ o j dzlsdad W
fsCtsdzj dadj Mmj € o jShshkty G digs.dzslcidye Qls @ OL tc OB Sephds® o ¢
Quake OF iffisdzts € ts d3g @@ Odzd f @ Is HedidsssRioSdrérests l§f tc OB sls
i hdw f tod dzligning, ¢ OktlstsB jL  Abri dgef OdifddWwds oy
ftedCtojtf jdes Cinds f dzsMC O ol tendesls d MdzjH Istse O
dez € dzj sIsdH d (W dzlz s s j fp g3 ddOdzds o tc @IBIdzdP s ) M dzOIstse
d My dLtsBWKOL YO OOls, ftcjHd t©WOLYJTo0OdzjIss d yd¢< d
McOo dzdls j dzdzts BOo jdz d MCi § sjlstsH, Ilss2 j i
fsMmdzj His9 Olsj dzdztsisls O dzO dzlj O GRY ezd ¥ f QR Odz® B @&OT | s

Pacific ‘Biosciencesf ¢ O®BOISO dEgcBiiz@QM d dz@o Ols Is jSMEEs dzts ¢ d
(f ZOsW BstedzdO L O MJjCojddtcOdz dO JjHJddydzdO d&tsdzj ¢k
Isj - deSZBMRIM jsOJ L o1 tch 90O 15 odzdditedL Oydwermi ton kz
mode waveguides (ZMWs) S tsdlsts MO §f &OdT § j HeY ¢ d d&s datg G dzj
fsCtedo OF &R ZMEQUdff sdzsg Ol Mo ts2 Mise OlsO dzO Mme j Is dzd
My HdORj-dBOd, ¢ ftisls IssL d dzgO dz yoO Mo j Isdzd dzO, Ctsg e
tOL f OH, COlt fpj dishipas] o @ GG /v O  SL o sdzvW 9 G
ZzO JjHJdzd yded W dzEtstotsW steded B dzZME dzdlsi 6?2 B dddsLists fiplsts «
ZzOL jtedets 91 LBEYHOdZ] | btdkitceaO GOdEO dO W sdO d
zQ Hdded yded Bsdzj S zdzd dEMWEds f cptz@iRy tc@®@L Mo j Is | daC
ftiosd@3ddo Odzgj dzO0 IsOtec jIsdzOIsO 1 s fMmdzi Hiso Olsj dzdets s
rvs odtdedlsy fm Jjudddyded dezCdzj slsdud &y HO
Wik stoipgj d2j dzv L Odzd W Is dzgz € dzi sIsdH M j ¢GJdzgjtedte® W
SlIsHjdzv, LOol ho0O2¢d MdedzOZzO L O kOLd fsLrdydv.
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Bsdzj Cbdd r1s o ®Bhkscs CtwOlsi RacBpf B EB dEs0 ol 6 d
@O BEwdw@dd sOLd d fi hs &BSyj HO ¢jdjded mjs

b)

= Direction of
= current/
= .
§ Q- transl?catlon
. :
o &
2 - i
- n
@ n
] s
= - 1
- + N ./ :
Excitation = Fluorescence '
(~600nm) 4

o

Adc. 3: uwnjE&Oduds ftjHflsOoSMBT dzO0 f tod dzyd § ¢

[ Y J Befsy@mO 0OdzOIs© tsB dzOMlss dz0O twOL o dIsd J dz0
feCtsdi dedj J MmiCojdedtcOdzj fp J B dgedf s s M) H s O is
Csdzdyd Mo jJ dzs B tej HY dzW dzgy 2O oaMWCEOCoad BBdEG d1
Md Coj ddteOdzy O 6 dzesdBdzO. 115 d&O dOdesf stedlsjy J b
sls oltstes fsCdziddl, CcOkts] ddfmaz] sy @B &disy s fi
BsEOls HO BI HOIs qteisQOtGOdzq’ i to-g § d3tzdzt] d H glztizo H o B g dzt¥
Ytej L § dzi ¢ Gxotsl Wantmpore Bechnologies (ONJT) 1 tco OlsO € tsd3f Odzed v ,
Md CoJj dzOIssted M dzOdzsGiRAN d MinlOtizy Offls Sisd sty L Oz Mis
SsdzC 59 0 RBOZEd C OB ttOLBjted, Sttt j JHAds &
d LO fti o il fsusBdts | §E2Mdoksts dO §0O0L OO
Md CoJ dzOIssted € OIsts Mi nl ONs MmOL @ dJajddzidte f tis@xizjo O
fsfdzj Hse Ols j dzdetsisd s BOSIjtedOdzjdz ¢ jdesds d yd
h OB dzs dzdz® 1 15, € dllusiteHy GO Y d dzPkkiso @&F s zd sls j C ©O. s teC
L O fnJCaszq’tGOdzJ d Ctif OCIsdzss O dzB®MIBOL G ZzBB O 5 I
Emdzse dv JebualQpidck{jNaholas Lomanf L §f ts dKMindOBE | € 0 | ZzOIsstc © dzO
19 ddzjw HECOL®02Cd odtkMO dO [ Bisaz® Ko @)K dzd o
ftcsB 59

Ade. 4 wuded i3S d Oxfia@NaRdp@acsTedhplegjes (@IOT)
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AdG.

lteddzydti dzO M € o j dgyd tsdaded v

ple

Sample

454 FLX + HiSeq 2000 PacBio RS lonTorrent 316
Company Roche (USA) [llumina (USA) Pacific Biosciences (USA) Life Technologies (USA)
Amplification emPCR BridgePCR None emPCR
Run time 23h 11 days (dual flow cell) 05-2h 2h
Reads Mb/run 1,000 540,000-600,000 5-10 >100
Reagent cost/run $6,200 ~$20,000 $110-900 $750
Reagent cost/Mb $7 >$0.04 $11-180 <$75
Read length 500-1,000 (mode 700) 2*100 (paired-end reads) 860 - 1,100 >200
Primary errors Indel Substitution CG deletion Indel
Pros Long read length Higlgfvjsihcgig;e?ﬁgnd LOZ?:;E giificl)enngrt:g’rno Low cost per sample

: y . - Error rates, comparatively

Cons H'Egﬁag;i';::;ﬂabnd his;wg?ocrigﬁiljtcig: sg:ds small output{\s/i;igh cost per High cost per Mb

5: ww©Oodzdlsj dzj dz O z@dedj Ld5] dz@BIBI BILEO fiy S dzq /dEls

Sequencing

Bioinformatics

fesyj f:

Data

Prepara(ion Run analysis Report
Adce. 6. dn]J BOIdydzs f tcidfyls @ dctsdzil MdEO o B)f) dep H Hz
sObts ) o O Mkl LOO | b NESY] EPeOdzj J M B!
f SHEEIsS9COISO dd3 L O dL sdzd te Odzj dzO rvt s . HdZJH o
d BSyjdej des s € OyJ Mmls NeoDuag 4, L %Ok :

3 : fi
.5 &) » Adadluminda 6 L W SR dz6) 6 & 1OU) ddZd 4 daLfdedgextena ¢ d U -
IS § - dzts dztslzgod Wla @)z e O detsIsts 18, 1 sdzeyd dzdlsjy W tcOG d3d
Zz0 JCLtdkzSdazjOoLd d My HBBOsW B JHAO BOLO (0]
ftedB Oo jddWls OHOfIs]tc. LaOBYls jritgdsls J§ tfifj deyl HidsioGElds | otz
BOECBH, CB2Its Mj Mi mMsd Bl 5 1s BOLG] MidesC 5¢
Mizzy Ol L O Mol tcL 9 Odzj dO §tsmdzj Hise Olsj dzdzsmisd sy ,
OHOf stste(d, Ctsdlsts Ml Hi to) Ol HisY © i gEdzfSTiiEEs  dfisio J ® ©
M ayjd sdzded sy ftcO2RBjted, M Ctsjlt O ftOflsdeO L (
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a i/ Adapter
DNA ‘.':'.' DNA fragment
4 i L
>—> ; i_/>Dense lawn
Soq, 5 : of primers
....
-+ Adapter
TSR z
Adapters W 1 o A/g:.;}
Prepare genomic DNA sample bl i ! i : A’ttach DNA to surface
Randomly fragment genomic DNA i ‘g i Bind single-stranded fragments
and ligate adapters to both ends of i 1 randomly to the inside surface
the fragments. s of the flow cell channels.
Nucleotides i
T < M
i § ; #
—_— Attached
Ey ’ ig : S ;1;; ‘f,,
- i i ! Bridge amplification vé b : Denature the double
_i i Add unlabeled nucleotides f stranded molecules
L and enzyme to initiate solid- 3
! phase bridge amplification.
Adce. 7: lwjHoOtdlsj dzdzO f sHEBIssaC O dz20O 115 1§ teisB
ZOdRdzsy Oo Odzj 20 W tcOcE dj dzlsd Is j
ytejJL yvdL Y sdzL 9 Odzgj Ists dzQc ClasjHL dff tsHijdiy jH tdsog oodsd] tektatztad Isef
Bl HOI ®3d ¢ MdtcOded t©WOLdzdyded s odH [1s WttOc d3j dz
JHAZO JHddMIse j d2O tcj OCydw. vtejL gz tunihgddgE jn detds O
Bi #) dLyBd. o0d i dddwls SOdyddstsfiss dols ndts to jj diaPlis
ol L disy desis. SSIsGHp )5 @Gddzd OtcH O B OGIsw)d BEPIBRAtEH G s

Hots2Cd dzO
ftesdL -5 ®BES yse j ¢,

jHddz tl d&/ ydSi dz) ®EscEOl HO BI HOIS

EyOfmlsi yd tls oL ddydd JLtdkols(d.

4 dzj H
ol o J HJ dad

COIsts BI HJ
ol o

f sHGEtslse j dzO

sk CdzjlsCO. 10 Wd&. 8

ftojHMISOo dzv 8 O J HltlE@®indl dzskz S dzj 5§ O dzO
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iﬂchannels N dZ Eg dZJ IS g O IS O q d3® 8
| ;: (fdndy , Csqbs  fj o
€ LISAA a8 At me prnep e g1 wren mins e - U SHGE SISO d dZd Is d [ 1 8 W
i {¢Bdzs IsjLd $0dOdd JdaC
P cwesns 9 Rk (25 MO f 6
{ environment dZO stseo O tGJ. dzq [ dch G s dZIZ C
h | ey S Y dzj d3j dzlsOtedzd B OL 5o«
£ oAl Sequencing OHOUIStSthISJ, gBdlStS 941
Wiy fedAdh as@s@L Ml dodsdd

on the tsdzd ¢ s dzlz € dzj Wsdets[l S dzj ®C O
clusters My sBOEC OB dzj dfdpAds® dts ) |
O i3 dzd W diCberyiddvg e 0

OBy dzd W d € Oydgw..

LOC O dOltsoaOtej dadlsj tsdzc
sSBtcOL o Ol Cdzi Misjted, C Ot -§te@IsdgzOMOH O R tizgl tgJ d
C sl dzj d3j dzlbfors@ay dEd thsHEBlse jdedlsj o ftoj HdOISO Mlis

40 B Hisds oL EOd&dL Ok Milh0o Odzj sts dz® dse
sWtstcdzj dzd o Cdzi lsjted Yte L ibri dgeo OMfddW¥dc¢
Cs@fsde desd L O 6 OCydw dzO d@Bfedad O ¢ ENT P& O Bl B4
d -@.

;! ] ]
VIVl Ade. 8: Bri dgiets Gdtfdagdidd ¢jAsafre
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IMweoO ddHdodHEZOLEZO o jttdcO® ol ik Wdhksk ¢ dj
OB e %  C@UdsY tojL bdzsOli s | Ctds 1000 Ssfdw
5C sdgyOls j dzdgtslsts fted S dzs yo Odzgj 20 fetsyj MmO ddio 6
Cdz Msjted. ¢BfdzdWdydteOdedlsjy € stizdY fisbdydivzcOmp jt

Cdz flsjte.

d4jCojddtcOdzj sts ytigjL diplsOtzh ®VOIsdz0 B d R d
9 jIstso d Isd reveggibiz@ye etminators | M €O J HdzO f to dml Hd dzv 8
ZestesW ste, S22l Mj LOMdyuo s eadmtstts e Mmilse d
OteSC dqteOdzO M 4 %@alzdizdfawﬂwﬁtm@a;;dﬁwatdﬂsdzﬂdzfnddz s Od3J to
Mz MBI O L O W sCkMdteOdzy dO Cdz Misj O (d JIsdted
Cdz Is
Is 0

Bd udz0

Y
Ludmdzv o ® COCIkts ksyddkso fsLdydw d&o i flsj ted
dzso s tod Mitf sE@ded ZBOHEdC O o Yo jlssodw d dzls J dzL

—oug =l

P 1940 x 2048 (3.97 MPixels)
'—_’1
v
J
Flow cal
N
Prism
Prism Base 80 tiles/column
Flow ool Holder X
Flow ced Holder Base ol Exchangss 2 columns/channel
-
™ TT—0Rm A S
Il "N 8 channels/flow cell
Chiller r—' Waer Cavty
b
; First chemistry cycle:
l determine first base .
Y e *
To initiate the first I -
' . sequencing cycle, add )
"’ all four labeled reversible G ) f =

terminators, primers, and ‘

lla‘ / 'H DNA polymerase enzyme .
; to the flow cell.

AL WAL : i | / Before initiating the

dl (| ‘MI Image of first chemistry cycle next chemistry cycle

After laser excitation, capture theimage  The blocked 3' terminus

| I | of emitted fluorescence from each and the fluorophore
b cluster on the flow cell. Record the from each incorporated
| I identity of the first base for each cluster. base are removed.
Laser
® ® A G ®
G ->. -». >6 -». —> GCTGA...
® e ® G ® o0 ® 0 G G

Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.

AdG@. 9: r dlsg Slsdtc0Odzj &zZzO0 BOLdIsy , 3Ot € d to O dac
ykeomlseodlsj dzdzO € Ozj 6 O
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Pacific Biosciences — Real-time sequencing

Phospholinked hexaphosphate nucleotides

Limit of detection zone

Fluorescence pulse

INteNSity m—

Epifluorescence detection

Ande. 10: ltwddeydf dzO© r1s fMmd CoJddteOdzj llldada B OC Is j

Itsojys ddWtsteddOydw L O jlOfdlsjy dO ftsyj MO t
OB toj dzO@ dz0 Mmdzj Hded Isj Quddidaf so j, ftoj HisMIsOo j dad T

https://youtu.be/HtuUFUNYB9Y
https://www.youtube.com/watch?v=fCd6B5HRaZ8

ddzjH CObt ftwdSids yd MiCojdaddtcOdzjIsts dzO 9 j todc
fshdzj H50,Bij eaz®MBOIS O thdss O Misi $O0 | Bdtddy st
HOdzdzd d BdtMmlsOkdMmMisdyj MSdwls OdzOdzdL dzO tej L Iz dzls C

sOCots J BgSddWstcdzOIsdSC O d L O CO0Coats ded Mmdzlzy

vjtodidddz s BdtsddW stedzOIsdC O j tftcjH]jdzj dBen O { t
Hesperd Paulien Hogewed: OIETtsf L ndzj H ® Odzj dzO B d tHietscpdey dzddls jH ofrpde
1970 , CtsdIsts o N spustslbty v dz® BFYBEAsSs @ L ZOYOo O t6OL G dz
Mowl COIt tetetsddd ddW tstedzOydtsdzdzO ddzlsj ¢ ted tc ©dzO
dL f sdzing @ls  whrpls st figepduiiptricp (€ Olsts fted dztsy j dzed §  dzO
sjrddCd (ddW stcdZ3OIsdCO) L O OdzOdzdL qtcOdzj dzO B dsd

rdtsddW stedzOIlsd ydzdisy 0OdzOdzdL d yd mlsts Mmj dLoei teh
QOdzdL M dLitsdzLea O CObt ks Ofdd,ndggds OB Y dz
0dz0dzd L d yJ Mipigelifigy dzOWgH MO fMj dOMlstcts2 90Ol HO My
1 Mlsi {¢O0 Ci dg@ Mdzj Ho ON OISO BjL HO Mmj oi 9j3yHOIs
MyjtedLdedIlsy Jotdzt ydtsdaeded O de@sdiyfdzjcH Wopdadflzjls jdzGd ,B (ffifsen]
odHsAMjs L dMEoOls HsMIsO Mjted L dzO0 dL yd mdzd Is j dzdzO
mMdMmisj BO d dzgj BOzE s i tcol tod L O Mi FteOdzj dedj dzO
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©iferime,
N ey

Noarm&
NO DRimcpe

www.biocomicals.com

Sddait SteOIsd yded ¥ Is O dz0O dzq i Isffs O Mfirflstizcte O ) ddts audt

d
5L dzOY O opelifiads slsifi2 C Ol flsi §Cdlsi § ] dsd dzOo Ols j H
)
)
)

C s dzls tc Sas 820 &® i hytsy j lsyvddd Q) disidg e j dzy d W /
5§ toj Glgljdivjdgjj dds dald f ®aizjse J 7/
icOo dz¥ o Odzj , ujlsjdaj -0 COlscwOl deOds dzC
sOLd, Ctwist j MjSCejdedtcQczO:

4) tlSCtedoOd @O jHAsdES djslsdHjd § tsdd kel d
(ddzi jdz) o MjCojdzdteOdz®0O ojtedcO;

5)de novoM ¢ dzsB W 9 Odzj i dz® ¢ j dats 3O

6) CjdsdsdzO Odzesls Oydw ;

7) Mi LHO9Odzay d2O W ddztsc jdzgj Isdydets HI tco f5;

8) Wddzse,jdzjlsdyjde OdOdzqL .

J
dz
1
2
3

[OCOte yYyj bjrd ftesyjmd MO MlsOdzH OtelsdL JteOdzed, i
i slso jlsdedlsj «Mlsi §¢d. 1 tco OO Mmisi GRCzPpL of tsdgds dif io
Cj dzsBdzs MjCojdedeOdzj (WGS) j Ctdstetsdz dz®@ € Oyjf
f sfdzj Hiso Qs dzdets iy Is . 1 Oy dets HO M ftod &3OR dzO|
f sfdzj HsoOlsj dzdetsflsd, Ctdlts MO dtsh s ¢ stRdtd®ddiz]
ZzO SNP. R dzf IsTetandginalitdzOY @ls(tezj tc L o1 toh 9 O C tsdalstetsdz
M CoJ dzlsdzOIs© ff tsfmdzj His9 Ols j dzdats s, ftcj BOR 0 O { tsmd
dd ME sCOyYjMlso j dzOIsO 1 s YtMmdzj Hiso Ols j dzdetsyls tsls  dz
ftcP&BoO  tsMmdzi Hiso Olsj dzelets fiplsfd , d s JdgisH Sig@ | f € 54 d to (
ftosyjlsj dzOlsO d CttedecdtcOdzO §i dzdzO ¢ j desd3dzO 1§ sdzj
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Read ——>
s | [l 20 technical sequence

A |' Aligned Region 'l . Adapter (in-silico ligated)

(—
Read —» . Valid Sequence
I —— :
B H . Trimmed Sequence
Nigned Region ~ mmmm— Key

| Forward Read —————>

C I— Aligned Region —I

€——— Reverse Read |
| Forward Read ————»

D |— Aligned Region —|

- EEINSim
€——— Reverse Read |

Ade. 11: unoj&Oldydts ftjHMsOow dzj dz® tsfiplisi oA |
ftotsyjlsj dzOls Qwiigj &g fatzazd W/
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I ss©e0l0 fli §SO o fsyj MOZOdOL 8 i s ik oama
i sOEgtQls | dls z0 § sfdzj Hso Ols | dzdzsfyls d Is®@O e d Gst Is
COMBShy sLosdz" 9O B oL &5 MicOo dg¥ 0 Odzgj &O C B 5 dzOB
My tew dsts toj % jtoj delsdzd W & j dats o.

1. Genomes 5. Remove incomplete/contaminated genomes

I@@@@
I
Compute sketches (Hash)
-kmer size (k) - -
-sketch size (s5) = 5090 [Communlty detection (Louvain)

2. Sketches

1...k
—
—

1...k 1...k

Contamination <=

Completeness r9% 6. CIUSterlng

q I
[‘?Efﬂfss?ia“‘“ (Hash)) 4. Filtered distances
3. Distances I . %

Add annotations

[Fl.lter genomes (CheckH)

Remove “extra-species" edges
-distances <= 0.06 (ANI >= 94%)

7. Tree

kompute tree (Neighbour Joiningﬂ

Adce. w12: dnjBOdydes ftoj HMis®Dp W fazv diz0 dg® i tf & W
h OdstodjH 59 | ; d 3) MicOo dzv 9 Odz] , Yyd sddzgyj 1ds G Ote
f sfdzj Hise Ols j dzdztsils d IsOLd, SCSwilsts j Mmj ¢ o j dzd tc OdzC

NCBI (National Center for Biotechnology Informatign) j H dzOB st OldzePRB ] B OL
z@ toj W j toj dzls dzdhttph)/wne.fchizn)rd.mfh.gdv/refsed , I8t Bdr O d&Bsc &
fsmdzzy O L O ftj d3j o Odzgy dzO dzzC dzj sSlsdH deslsts wWOL
CjdesdzO d Mol L OdesMisls O d 3.

sdzjH qLBdOdzy O tjW jtcjdzlsjdz 6 jdesdz dqadzd fJ € ¢
d ¢OttlstsctcOW dqteOdzy dzO tc O LAzddyY diyidsGe ddyjoqdizO 19 Wiry jtdtjod
G J dzfs d3. redlsy MmMjCojdzydd My GJtsHtOo dzw o Ols f sMmicy |
Is © ¢ iBarrowsWheeler Aligner (BWA)

Ge. uwtW@w,BkIdb Olbdcdm 136
http://corhv.government.hgorhv@mzh.government.bg
Is j dz/4278026

BUREAU VERITAS
Certification

A- §7.65/0



http://corhv.government.bg/
mailto:corhv.mail@mzh.government.bg
https://www.ncbi.nlm.nih.gov/refseq

a Spaced seeds b Burrows-Wheeler
Reference genome Short read Reference genome Short read
(> 8 gigabases) (> 3 gigabases)
Chr1 ACTCCCGTACTCTAAT Chr1 ACTCCCGTACTCTAAT
Chr2 Chr2
Chr3 == Chr3 ==
Chra Chr4
Concatenate into
Extract seeds single string
- o g >
’7 i on N Burrows-Wheeler
Position 2 transform and indexing l
CTGC CGTA AACT AATG
7 Bowtie index [
Position 1 Y (~2 gigabytes) 4
ACTG CCGT AAAC TAAT ACTC CCGT ACTC TAAT g g y E!\\ ACTCCCGTACTCTAAT
ACTG »#x% AAAC *asx | | (R H *\;‘:_\\\ s T
aeen CCGT ++++ TAAT || Six seed L2 ] Look up Rl a7
ACTG ssss swes TAAT || pairsper —— 3 | ‘suffixes’ “ /f/,f~/-;7;—/»:,\ s
aes wass AMAC TAAT [ read/ L4 of read H" - 4
ACTG CCGT #ssx saxs fragment LS y e
*xax CCGT AAAC *x» 6 _/ .
ACTCCCGTACTCTAAT

ilndex seed pairs

Seed index
(tens of gigabytes)

ACTG *##s AAAC *ass

e o0 000

#wan CCGT swnx  TAAT

ACTG ##2+ #x+x TAAT
*xax CCGT AAAC ##ax

AndGe. 13:

BurrowsWheeer Aligner (BWA)YL

G J dzts a3d

Y jlsoai tlsOlsO
f smdzihtse Olsj dzdzsisls O,
Hj dzj yddo ds GeLtalj Miflsd .f € O

SNP,
d VarScan2

A- §7.65/0

Look up each pair
of seeds in index

Hits identify positions
in genome where
spaced seed pair

is found

Confirm hits
by checking
“exnx” positions

Hits identify
positions in
genome where
read is found

T Report alignment to user €«

WD BOIsdydets ftcj HMmlsOo W dzj
O fBHCO dgV 9 Odzj
flsi §SO o
Ud Isj dzO

Glo .
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Convert each
hit back to

Bqdsdda tosd3sOls d ydad ¥
Ci s tej W jtej dzsdzOls @

genome location

Z0 Mmii §¢dlI
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AdG.ValSBand dL 2OdzdL Oydw dO COlstsctcOW JqteOdzOIsO { s

fdudWdyded ftetscteOdzdzd [z jftdadsfH 2 Soflsiein Is taflz o3 jfrsisvds
JtweOCIsdodes ftoj cgdzj Y HOdzy dzO ctsdzj d©3d ¢ J dzts dzded
sdemnev@ | dzdzgdW G jdetsdz, 9 ujJ fBHECOadzgjdz C1 d3 toj W
yj mho. vOCi 9 MW BAAdes | ds s if th ts Hifzt€ tdsel @ § Isdzv © © dz§ t
kel d3j dzls O/ BEH k &zO:

 dipSPAdesdBtsHEzdz L O McdzsBW o Odgj dzO Md dzdets {f ts dzc

 metaSPAdesfzcHzdz L O d3j sOc j desd3gded dzOB Stcd tSls H

1 plasmidSPAdesdisHzdz L O dL o dzd yOdzaj d MceddzseBW o Od
WGS;

T
T

o
dzls
G dz
et
dzfi)

raSPAdesde novoOfj 3B dzj t6 L O s tc O dBne de dHf Asdedisf]; s
truSPAdes3sHzdz L © Me dzsBW 9 Odzgj dzO B OtS tSHESO §
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1o jyj Jd¥stedOoydy d HESEdB] ZsOydwkso L O Ml k
@O Mdzj Hdzd W ils dzd dzS :

http://spades.bioinf.spbau.ru/release3.11.1/manual.html

btz HOo Oh O 5 tejH Mlsi O ls Bdtsd da¥ tste BOIs d y dzc
GJj deszgdz® oGtz O, LO HO B HOG"JJ H] tedslsl W dfdgd],tc O] | &
vl fsMisOoawdzj Ists dzO frpji CtonjzyidEsigts j sl fLoOBO § S § Ud
GJ desd3dzO OdeslsOydvw, EkEfMlsOdzssow o OdzjIsts dzO J HJ dzd ydzad
ZO ctihCOO Bl MjCoj dZOsBKLO, BGlsCttdo Odzjlss dzO d

¢ dze ts tc d ISmi\Waterman(S'W)d NeedlemanWunscin© L Odzj ¢ dz@dzd o s
o 0tdOdzlsd LO M fsMs-Odthk 5 ity fdtdj  deBDIs  tot
BLAST, COlts i tco OO { toj wWaB® @ dzdzts ¢ @ded2ts ,dzv © O dzfs &
Hd OB gzt Ot tc Odzj , dets MOBs L O kjLd . MmjSCejdydd
HtsfMisOIsi ydzs MratHdzd d&O dL Mdzj Heo OdZzOISO MmJ Coj dydw
mMiCeajdydd, Skt HO ket OWIs dO Istso O kfMmdztse d

¢ dz¢ tsto d Is iSogthWatedg@nj Odze stedlsi 3L O Isi tefyjdzgj o BC
T.F. Smithd M.S. Watermaro | L s f) dztste @dzjdd® dftsH j dz, Nec@lenads tslis j d
Wunsch O dze stcHW itc@Olzd L Jtc O Isj adzd € OlIsO  dzO H J dzOBBd Y
dLol tch 90O § BSHtcOs dgVv o Odzd Yo My € asi v MdsasQ i dey ¢ dg® ,& Oc
d sftcjHjdzv HOd bty j HO B0 tfflsdBOddes ff SHtcO
fsdzsy dlsg dzj dz L dzO¢ M tsls B/ @i fg OO disftyy da] finji ®d [
Sisted yOlsijjatgjdpdeidy eydd. 1 d3Oldste RO 19gjj L dz@izis@dectistgd ) J
slydls@ dpe 0O fMisj fjdz dz0 § SHtj ) HOAz dzO0 dzlz ¢
fnd Cojdyddlsy .

[ d 2O ydeslsts ff o566 O dzd tc O dzj BLASTGFASTA = & YO G5 Is@sdzdsts t
kY@t ftdi kol L @3syydesfiisd Ei§ FadE® 02 ¢ d | disj §
ftesyjmMdlsy 6 dL i ddzgj dzdj &0 Odkecttdlsi O L OB Og W

I gjflsts HO My Addnf jChdeOi y%WnieQ aastp CzOB IS
Wt Oc¢ o3j WaBIddzdmydzd = HI dzy d dAtS H Asts HSMiP i RVC ) JdsOd ] dzlsls  ju O O3
©jCkiemde j dz s ROLOCIS] 6

Hij=max{Hi-1,j-1+s(ai,bj);Hik, j-Wk;Hi,j-1-W 1;0}

10fteddsjtc dzjCO oL jdgjds §smdzj Hise Ols j dzdesflsls© G
¢d d MdjH kss0O ¢d MO d¥o O .

G-AGTCGC-
rimdmdmi
CTA-T-GCA
si HjIst:
r = replacement = 1

m=match =0
i, d = insertion/deletion = 1
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Smith Waterman Scoring Matrix
{matches=1; mismatches=-.33; single
gap =-(1 + k/3); where k is the length of gap)
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fls Ols dfffdscf uJsj ndzdSq L O d3 fnqd30dzdzo o j tosw Is dzts fyls
fsmdzj Hse Ols j dzdzsflsd dzO ©lsH j dzdedlsj McOo dzv o Odzd h G

RAxXML-Light Scripting

RAXML ]
B —
Inputfile
Bootstrapped
alignments
Parsimonator Parsimonator

Parsimony Tree Parsimony Trees

RAXML —Light -
Rapid Bootstrap
Searches Convergence test
RAXML —Light
-

RAXML —Light

—
BS Likelihood Trees
Support values
[ ] > =
C
RAxXML —Light
Inputfile RegularSearches Best Tree

Regular Likelihood Trees

Ande. 18: fAPipel itne®RAMO MWiskzjtedzdWw ftsHEZSC IS

Use Parsimony Or
BestBS Likelihood Tree
As starting tree
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leddjte LO fjS e dedEadugobfdtedigiuni cdj difisshic BBy d™ L O

Btsy jBIHHD] dz2Od3d tej dzO dzO Mmdzj Hdzd W Is dzd dz€ :

https://www.ncbi.nlm.nih.gov/nuccore/AL111168.1

1V <EBOLd HOWudIsts Mg sfd t ddd btORO s@&OEPL dzO0 Mmj

EMBL ND: http://www.embitheidelberg.de/
GeneCards Nattp://www.genecards.org/

PDB P D:http://www.rcsb.org/pdb/Welcome.do
SCOP Phttp://scop.berkeley.edu/

CATH P: http://www.cathdb.info/

PIR P W:http://pir.georgedwn.edu/
SWISSPROT PW:http://www.expasy.org/sprot/
TrEMBL PW: http://www.expasy.org/sprot/
Homstrad PWhttp//tardis.nibio.go.jp/homstrad/
InterPro Phttp://www.ebi.ac.uk/interpro/

NR P W:ftp://ftp.ncbi.nih.gov/blast/db

Pfam P:http://pfam.sanger.ac.uk/

UniProt P:http://www.expasy.uniprot.org/
PROSITE P Whttp://www.expasy.org/prosite/
PRINTS P:http://umber.sbs.man.ac.uk/dbbrowser/PRINTS/
BLOCKS P: http://blocks.fhcrc.org/

STRING P:http://stringdb.org

DAVID O: http://david.abcc.ncifcrf.gov/
ChEMBL O: https://www.ebi.ac.uk/chembl/
PubChem Ohttp://pubchem.ncbi.nlm.nih.gov/

J0OLd HOM®RMHIE UM BdS tks & GO Is ¢y deBvo ¢ Bzddfddidzdzd

G J dats dzd

T

= =4 =

= =4

Li
B I
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NCBI Genome Project.database:
http://www.ncbi.nlm:nih.gov/entrez/query.fcgi?db=genomeprj

NCBI, Bacteria Genome Databagetp://www.ncbi.nlm.nih.gov/genomes/static/eub.html
Bacterial Genomes at The Sanger Institbtg://www.sanger.ac.uk/Projects/Mabes/
TIGR  Comprehensive  Microbial Resource (CMR):http://cmr.tigr.org/tigr
scripts/CMR/CmrHomePage.cgi

GOLD: Genomes On Line Databasétp://www.genomesonline.org/

Microbial Genome Database for Comparative Analysis (MBGD):
http://mbgd.genome.ad.jp/

Virulence Factors of Bacterial Pathogens (VFD®)p://zdsys.chgb.org.cn/VFEs/main.htm
Genome Information Brokehttp://gib.genes.nig.ac.jp/

Islander, Database of Genomic Islanusp://www.indiana.edu/iginder

GenolList genome browser at Institute Pastetip://genolist.pasteur.fr/
IslandPathhttp://www.pathogenomics.sfu.ca/islandpatpdate/IPindex.pl

HGT-DB: http://www.tinet.org/debb/HGT/

E. coli genome projechittp://www.genome.wisc.edu

I dsddt stezOdyudzd lsj OdzOdzd L flzOd3tisB @Iz datz® f dsits#f O I dz
nNux BRAROZO fslstejBdlsjdvls &syj HO dBO &GOS
Hi ftesY j fidsdoddhls.
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MeWiskzjttdd f§tosHEZCISd L Ob |t adgogssisq dzdz® ) lsd)j, dzts bpkzg
smi b jimlsowe Odzj Ists dzO o tgi L6S QBBstegEiOKE i B8 j W j dats tzgl  ©0
Yd JHdd RBIStostStceOdzdL ) B3 sy d HO BI HY tjLdmlsjc
Bsyj HO BI H] Mddzdes o dtclzdzj dzls | df teeOdidg iz ) jL dAzOMN O dg j d
f SHtsB tod dzts LHtcOo j 5 OL 8 Odgj Is 5, Btsdzd Is stc d dzc O da
JfdHi BB dydzOls© d J § dL tsds selafs ¢ ff mdiz®Ods R0 ds B G OEAf
ftoedstcdIlsj IsdzOIsO BB O M dtsotsel Ldzd S o OhdIlsy Gededh
ytejL dL§ Bd o0Odzi dz@ ydztf dzpUBdrepusdetsBQ@ SeitsiEOls  d L
Gijdedlsj, Blsetsotecdzd L O OdzZsdBIStesB dzOISO wWOL dinlb P
ftetsmdzj Hjded fsulsd afdusd BebOydd o toj Oddsts ot
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djCojdydtsdedzgd W Is ©OdzOdzd INGSts(lsew demarason §eguersidg) dzd Jj
tojotsdzse yduosdzgj dz f sHatsH o BN jMise jdetslsts LHGOa j (
LOM) Miso O JEIOGH slsgetlzyd Odz HO L Od3j dzed*. d IsteOH d.yd ts dzd
[ js@sigdetslsts fj € o j ded tc Odzj d O dzO'dzq L sfmdceckztew o O
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¢ dzc st vsdf 1 O ltetslsd o
d dzls § to

dLydmdzv 9 ©dzjy ¢
Miss2 dzsmisd L O
Cdzlstetsdz; CAT
ShimodairaHa s e g a w g
Codzlstesdz dzO € G
yw dzsmis j dz tc OB
f SHicsB dets toi C &
1 Odzdyd dz2 GTR 0

FastTree |Command |1 O2 tcOIs¢ 5 otcj ) OHS O Issydetsmls
line dLuydfmdzy dedd d |fted ydur dztsfyls dzO

sBtcOBBISS O; CAWdddzscej dzj Isd ydzd Is
ShimodairaHa s e g a w g
Codalstesdz dz@ € (
dzOodzd yj dz GTR ¢
fsHictSB dets el C &
9 L d3tsy detsfls L ¢

MrBayes |Command |l i L di3sy d&zO s Isgl nput d output
line BsH ] zOjlstf iy NEXU S, € s d3f dzd y (|
HsMisi fded d MilEf slstcj B O dzO 1 tg

1 i dzdzd  MBY sk jtedd fesceOdd LO OdOddL

BioNumeric | Localsuite |[ j i dz L O kYK [ IsHj dzded dsH 2 dz(|
$7.6.2 ol L By dz0@ Bflsddsj sBAtsH d&3d; dagv
MitstjH HtslstejBESdd Misj toed tcOdzj

wgMLST; cgMLST; rMLST,;

Ridom Localsuite || jMjdz LO EZftslkstscOlts ddBO ddzs
SeqSphere+ fsHHI 6O Cdzi iftesBd/ MjCojdayd
adhocnn j d3d MO g3ty i HO | HBMIS
CgMLST; wgMLST tsB tc OB BisFOEA i tR(|
9l L dssy dzgd tsls Bi

NCBI Webbased| ¢4t 9o sSBtSH jdz L O bl JtsBatSHdXBO ¢
Pathogen | suite Hdtej SlIsdzO® otel UWSCEMdicOdzO hd
Detection f Olstsg jdzdzgd ftedf Olstse jdzad © =~ tc(
(beta) ~ntcOdzd d f 2B dzd ydets HtsMis]

ol LdzdSCoOhd/ ailotej dgj § BE 5 j o]
oLtcdottej; o JdzO desod fHtetsed
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¢ dzc st vsdf 1 O ltetslsd o
ddzls j to
M BH] dzZv dzj dz2O |f smdzj His9 Olsj dzdzts
Ml FtcOda" 9 O Ctsdf Olstse j daded ff tod Yy
rvs fgemdzy msgdddzj ftcedesHdzO L O
ddzd vyjdd cjdtetsdagefd Efmdztse dv
f sdziz yOoe Odzj dzO
tcj Odzdzts o tcj d3g

) teqdztsy j degdw g0 i dzdedw o j detsdsj dz g S o jdzls j dz O da
OROd&dL @O ¢ desikzOlO OndlsjSlkzic® dzO &S et
qLMdzj Ho Odzj 2O CjdzjlsdS OO 20 &GOS tsdsdj S kd

OQdzOdzd L  dzO 3§ € jOudaf( fip Isj dglg dztxifls , G dzedIsj, tlete
ejLdMmisj dsdetsfls, WOCktstedl,j .20 ftojHOo Odzj dzO

1 OdzOdzdL dz2O@ o dtelzdzj dzs detsfls . d3j 2 OcdzdL Blsj dzO
Cjddlsj, Ghesottdd LO odtkdj dkdshlslso;

Bl 6L O HdOGdetsMisdC O oo BipOtaf igj deded o3 o 5o
dL mMdzj Ho Odzj dzO Bt OL destsBtcOL dJjIsts dzO f Olstse

OdzOdzdL dzO sV 5O, (CsWlsts dqetOWls ¢ j detsd3dzOls O
] OMstclsOydd ftod T 5Wo0OlO dzO desotsei L dzgd C o ON

9 dLfpdzjHo Odzj  OdzOdZdL d&O jotds ydwilsO dzO f Ols
G J dzfs O3;

1 jfdujBdsdscdyudOso d jfidLosksdsedydolso
©OL fesMsOdjdd] dO (Ookscjddlsi d f§ildh Olo

T ®BMdzj Ho Odzj. d tcOL tc @BTlodOdaj dOdzddisttotafd dg s 0 d
OB dztE Hjdedd d MftwOowdzi M §OItsejdededlsy ted
Ndotsisdad;

1 tyj d¢ O dz0 dMCO L O BN jMise jdetslsts LHWOs j, L
d syJdto dz0 ttdmMt O Bl Yydtl kzdadtedH 0z PHelEtHq

1 fteslkyeoOdzgy dzO jotsdzt ydodedzdlsjy oij - OdedL d3d dzO ¢
O dzso d ceMmistsftedj dided yd, §ted dzOH dzj ¥ Ohid C1 d3
adH, wH, MjBj2Mlsets d Ht. ;

<  dLol tch o Odzj d2O BOWC tsHJdzd dzO tcOL dad Qg Is B d dd
ZO BOLO ¢ jdtsdkddwls MmjCeojdlsjd OdzOdzd L ;

1 cJdzsdizd S OISO d o yoOmlsdetsls 1 dzdedw s ¢ j dztsd3d dz
Mi LHOo Odzj sts dzO detsod dzj COtMmMlsa ®© d IsjtcOf jo
ddzH 2fylstcd W ;

T WGS B &gl d&z HO B H] thegjc@e] [ te@j LjjfddH{
f slsj dzyd Odz dzO L dzO yYile3g chdfeéals @lc QTHzd Stréptodedsus
pneumoniae, Mycobacterium tuberculosis, Escherichia coli O157:H7, Clostridium
difficile, Staphylococcus aureus, Salmonsjta,Campylobactesp.,Listeriasp.d Htclz G ( ;
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sosds WGS Bd dBsSedzO HO BIi Hj Mi LHOH]
sjdzd m Bh jMmMlsejdets HBMIsi fdd 1 dzdzd
cdMsdCO LO wn (fsHtBds dO §O0Mf st
dzJ
H

o8
gz

zO0 Md ol j 3@z20L @ j dz@® dz6 § dets s & t6j Odz
s fsHBBKGY 9 Odzy dO CtEZOBBLLOYdWISO a3
Eydd, Odc Oy dqtOdzd f dBsddlssteddze © d d
sl &z HO BIi H] s fdzLO L O &Gdf lsastcd
d Wetoxyd;

H o Odzj d OdzOdzd L 2O jotdzs ydqwiso dzO

jteddisd d IsjdgHjdzeyddlsy L O o BIi wyghj o €
j Ho Odzj dzO @ jdaded HEYZJCOYddo d tojHEZCY
Jtedd d odtkzfd;

I LHO9 Odzi dzO dzsod 9 0OSMdded d o 0OCMd dzOdzdzd ¢
sfMdzj HWo Odzgy dz20 OHOfIsdo detsMislsO dzO f Olstsc j ¢
tolzdzj dzlsdetsis d dda¥ § € ydtsL dzsfiyls;

Ctcdo Odzgj dzO detsod BjlsOBtsdzdlsded i sdh O

JCtetststee Odzd L &3] ;

dtcOo dzj dzdjjlsds da@ Isj]  sfdzjHtse Olsj dzdetsflsd teOL €
fstezSC kOO d jotdsydwlso dO ¢jdsdko, ofd
stcOdzmW j o dzO@ ¢ j dzd ;

1l dzdgdwWls @ jdesdzj dz MjSCojdelsjdz OdzgOdzdL dzO 4 Ols
M sdits 6 dzj L O i tc 5.6 datiusd W@ dRjdzj ff idi©v (Jd2® ts i jsdzdzd
MiLtddkshislsO d S$OttktsctcOW¥ dqtcOdzj dzO i Isdh OO
WGS Bd ®&Btsci dz HO HOHJ] WwWhdetslsO L O MJj L tsdzdats
JSsdzse dyded Is § W OC st dds d ydedsvOj M d dzddzO4 ff iftHd Ld3s|
tsB fifiss® C O;

ud Coj dzlsded W Is OdzOdzd L sls dsoets ¢ tsdzj dzd | |
dzOB dz¥ Hjdadj d2O yjdzdw cjdesdz o toj Odzdets o tcj d3g
2O MjSCojiddtcOdedlsj cjdesdzsd dzO f Olstsc j dzded sy o
ltetsdzj WY o Odzj dO jotsdzs ygwlkso dz0 f Oltsce j dzdzd Is.

) Giipdzj HW o Odzj dz® jotd ydodededlsj §tsdjdd o ¢
5 Slsdesh jdzgdj OdzsdBdS e dzO® toj L dMmlsj dzls dats iyls

14 &0 fthmdjHds EBwhiss WGS Bd &Btsei dz HO  SH
SlsCtodo Odzj d2O G j dzgj lsduded RO ste3Oydd o f dzts

HjCoj dEsdzdls BEDEILSSd dd] Bd Misksd @Ok |
OSSO d tlStdo Odzjsts dzO 6 jdzdlsj, sl tso tstedzq

] CtedBd dzOdzdMisds OO WGS | b 6ctsddd fisd

FSAGTH
&

NS N OII O
- O FgOQ O o

TR OR REOT

OI_

&_m O I WO WO 11O T S 11 v
v oFg o

vjMlseo Odzj sts 20 OdzsdBdBlsdyudzOlseO tjL dflsj dzls dz
fsmMtcj HMlsotsdy i dzj dz 6 detsdzj dz Mj Cojdzlsj dz OdzOdzd L ¢
ZO CbkdsdodqteOdsy dz2O0 RIS tested OdzdL B, Si Hjbt Gl
Yyomo, mi fsmisOs jdts 1 WGS, ftd (2t ttjL zdkOls]
dLBteOddY ufl (MsOdHOKLIdO fjtOldesdd ftosy,jH.
BdCtesstecOdedL ) a3 § Sdzddzdydets o903 dzO0 fted GtojHT e
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LOBY &zOO 2 @) Odzlsj tedzOlsd § 6ze j aigf s Bazdfls jdzOc jddgsudicdzd d
BOSCkjtedd HBBOBlS qu@dpHoOdd L O dOdkdydjlst/ slshi f
OdzlsdBdslsdudzd tjLdmlsj dsdsnls, O Mihts OCO d =
BjLgMmisj dsdtsMislsO ¢ &5 Odalsd B S tetsBdzdlsj Misj Hiflse O

1 mJ fWeSB OL d tcOdzd v Is f SHR SH ftod ZmlsOdztse W o C
tg L dMisj dzZlsdetsmls dzO@ BOSCIsjteddlsy dzgj sy j ofmj whj oc
BilstsHd fstcOHd oM Ghj odMsCOBO yjdd dO dqLidls
Cdltseaj d CtdhezdkOded LO tjO0¢yddlsj, f sfils W da
tojLdMmisj dzlsdesmis tcd Gl B@C Isaite dizi j BBE sMisls O f sStcOH (
mMeWlskjtedzdlsy §OCjlIsd, odLdeO2¢d IsjLd «dz® 111 ur
mMdMmis] ddzes WGS HO BIi H] odzijHtejdz COIstsMlsOdzH Otsls
v Csdz$ 5 ¢ tsH d dgd

Type of
organisation/project

EU health agency Communicable disease surveillance and
risk assessment

EU health agency Food safety monitoring and risk
assessment

European Commission body  Laboratory preparedness and response

En/m)  working in conjunction with

EU Member States
EU research project Bioinformatics solutions for WGES-based
(2012-16) diagnostics and surveillance of bacterial
pathogens
EU research project Bioinformatics solutions and WGES-basad
(2014-19) data exchange platform for diagnostics,
resaarch, surveillance and risk
assessment of bacteral and viral
pathogens
US health agency Surveillance and risk assessment; global
PWD network (PulseNet Intermnational)
Global scientific Development of WG5S data exchange and
collaboration initiative analysis tools for diagnostics, research,
survelllance and public health response
ESGEM ESCMID study group Collaborative research, evaluation,
(https: //www.escmid.org/research projects standardisation and recommendations on
study groups/epidemiological markers() microbiclogical byping systems

ydd, sfew) gsd gyDbhtoB)ddq| of
jCojdzalsjdz OdzOdzdL o tolzlsd dzdzOIls O
HicO?9

o 4

f1 dzded¥ @ desc3 dz

Ade. 20: [tcOdedL O
d
O . ‘tsBh jMise j deslsts L

sOlsts fftcd d3gj tc aLOO J fdss ilffctadz@ils C o f tgd dOscCAaiy)jolsOz jd
nictsd3tsL tsd3dzed ssyStsead BzlsOydd, -dz@@Ofifldsod@Itw g 1 #
toj L d Misj dzlsiatelfimtsterimpQuberculosis EMisOdztse j dzd § sMtcj HMiso s
Md Codjdsj dz 0OdzOdzd L (YtjL 2015 G. MO HEC dzOH ¢
Bzdzlsdkej dzffizgd sk jteSkzdzsL dzd BOSIjtedd d hj 10
ted W Od3f dM.dutisicdiosiy WGSH  OG dzsisd S OO d Isj Miseo Odgj Ists
M. tuberculosisin silico j i ) -j7e%s o2 1d H d&[l tfitts ls IstcOHdY
gL mMdzj Ho Odzgj . [Hdet MECBesh dts fteskzyeo Odzgy ¢ M. OL 9 O,
tuberculosisdzO® 11 s, Cswlss ftejHd Itso O Bdd&zO dL
dHjdsdW¥WdydteOdzj ss dzO f Olsse j dz0 sy j HO fMmj ¢ tsfmls
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sOCott MO fsMsdcedOdd 5 MojkO? si Hj Mmdj

lted d3j tod 15 L filpasjdaifdfdientific conference Anses/BfR/DTUFood/NIFBS
Foodborne pathogens & whole genome sequencin@dtmn public health protection

https://www.anses.fr/fr/content/protectide-la-sant% C3%A%ubliqgueimpactdu-
s%C3%A9quen%C3%A7agmmpletdesg%C3%A9nomesiespathog%B%A8nesd ):

[
Institut Pasteur

Genomic insights into the epidemiology and
surveillance of Vibrio cholerae O1 infections
Francois-Xavier WEILL, MD, PhD

Enteric Bacterial Pathogens Unit
Infection & Epidemiology Department

!T".:"!i- FLPP  Genetic variety of food and @BIOR

* FUNDAMENTALIE UN

TEEF S veterinary isolates of Listeria o
monocytogenes in Latvia

Iréna Meistere*, Baiba Vilne, Juris Kibilds, Zanete Steingolde, Jelena Avsejenko, Aivars Bérzin$
Research Institute of Food Safety, Animal Health and Environment «BIOR»
Lejupes Str. 3, Riga, Latvia LV-1002 *irena.meistere@bior.lv

Establishment of Genome DB

W Establishment of genome DB: identify and analyze genome-level information on foodborne
pathogens that are found in domestic food.

e N

Data analysis DB accumulation

Web service

Standarg
Whole genome

Transcripto;

Metagenon

2014 | Standard whole genome
Whole genome

pOLN | ] Metagenome
018 ._ Whole genome
o
2018 [

0 200 400 600 200 1000 1200 1400 1600 1800 2000

Standard whole genome Transcript Metagenome Whole genome
\ 100 cases 36 cases 756 cases 1168 cases _J
=
i GHENT .
sciensano UNIVERSITY healthy all life long

NGS-based workflow to improve the detection

of antimicrobial resistance:
from wet-lab to data analysis

Bas Berbers' %, Assia Saltykova', Pt yssens?, Cristi ia-Graells*, Kevin Vanneste", Nadine Botteldoorn*, Nancy Roosens', Kathieen Marchal? %, Sigrid C.J. De.
Keersmaecker!

1. Transversal activites in Appied Genomics (TAG), Sciensano, Brussefs, 2. Department of Information Technology, IDLab, Ghent University, IMEC, Ghent, 3. Human Bacterial Diseases, Sciensano,
Brusseis; 4. nogens, Sciensano, Brussels; Ghent University, Ghent.
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% iensano healthy all life long

DEVELOPMENT OF A BIOINFORMATICS PIPELINE FOR
ROUTINE ANALYSIS OF WHOLE GENOME SEQUENCING
DATA OF ESCHERICHIA COLI ISOLATES

Bert Bogaerts', Stéphanie Nouws'3, Raf Winand!, Qiang Fu', Julien Van Braekel', Sarah Denayer2, Bavo
Verhaegen?, Sigrid C. J. De Keersmaecker, Nancy Roosens!, Kathleen MarchaP and Kevin Vanneste!

1) Transversal aciivities in applied genomics, Sciensane, Brussels (1050), Belgium

2) Foodborne pathogens, Sciensano, Brussels (1030), Belgium

3) UGhent — Department of information Technology, IDLab, imec

Characterisation of Listeria monocytogenes serogroup llb isolated
form meat products and meat food production environment

KN o.' Koy Naukowy Monika Kurpas', Kinga Wieczorek

odacy PlWet
o ) National Veterinary Research Institute, Department of Hygiene of Food of Animal Origin, Poland

*Corresponding author: monika kurpas@piwet.pulawy.pl

Structure of Foodborne Outbreak Investigation in KOREA
\

« Coordinate the investigation of causes of food poisoning and conduct tracking.
* Participate in tracking of causes if the food poisoning spreads nationwide Share Gaverr_1me_nt Policy

situation Coordination
Instruct Instruct - Ministry of Education
= Ministry of Justice
= Ministry of National Defense
* Ministry of Agriculture,
Instruct  Food and Rural Affairs

Report Regional MFDS Office -

outbreak + Track causative food B ﬁeﬁ g_ nen - Ministry of Oceans and
* Support mobile fast test room ~ Cooperate causes posaning Fisheries
(people, equipment) - Min'ifiu'y of Health and
Welfare
Cmpm with schools + Ministry of Environment
with more than 50 people c""Pe"ﬂt"’" - Naﬁo::l Police Agency
. - KCDC

g ty (Basic municipal N .
eques!
F:I'Od hyglene Community health te:tl
epartment center | mummmp | Local Health and
Investlgate facllltles « Investigate patient | — :E:;;ni;z:;nent Research
MIONMmeT Coope cases and epidemiology ENotify
Whmofm rate + Take sample from people results

:Thcm whcl installed and e
iz,
operated group meal facilities ste
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Korea Integrated Pathogen Information Network (KIPIN)

Provide strain
profile

ﬁ MFDS
legional MFDS
Office
Ui -
strains

Emﬁ'@w

Collect/
produce

uopesyun

information

Phenotype

Genotype

I

Genomics

Antibiotics

I

Characteristid
Information

Clustering
Search/ analysis

ana|y_5|s lapping including
function Strain separation

location

Major pathogen
Information by
Year/ food

Provide
customized
informatio

w

information on only strains
provided by itself.

Environm
ent
Research
Institute

Provide
information

y

Campylobacter jejuni isolates

» wh OB LO AteOdzydw
y ';ﬂ ié 1L sdzOlsdlsj Campyl ob:
' T fsMmMtcj HMMise B3 g1 dzj dz
CGF40 644 691 161 122 143 379 M4 o ddsjdz OOddL o
o 1 j tod si2@ 1250¢0. 9
MLST 644 119 55 39 143 79
WGS 392 195 ® 55 @ 98 42 79
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Total Number of Sequences in the GenomeTrakr Database

| Salmoneila

COlisteria T E. coii / Shigella mCampylobacter W V. parahaemolyticus ™ Cronobacter

Ausrage Number of Sequences
i =189

Average Number of Sequences  Aversge Number of Sequences  Average Humbsr of Sequencss  Average Number of Sequences.
=1 20 i 582

\O7E Bdded Por Wonth in 2015 = 2,362 16 = 4,520 =582

First sequencas
uploaded in Feb 2013

Public Health England
udleads mor than 8,000
Salnonela saqUences —

1stQtr2nd Qurard Qir 4th Qer 15t Qr 2nd Qtrdrd Qtr 4th Qir 15t Qr 2nd Qtrdrd Qtr 4th Qtr 15t Qtr 2nd Qtr 3rd Qer 4th Qer 15t Qtr 2nd Qtrdrd Qtr 4th Qr 151 Qtr2nd Qirdrd Qir

2013
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Organisation of DANMAP
=

v

FOOD

DANMAP

Slaughter Plants
l Samples

Data,

fsroe

HUMANS

+ A0s

@ WGS provided further evidence of a domestic source - strains
Public Health closely related to the outbreak strain circulating in the UK —
England and insight into the route of transmission

10 SNP single linkage cluster

W
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“ efsam

European Food Safety Authority

Single Report

Species

P
= \ Serotype
mgpmﬁ‘e Microbiologist
D A — Virulence genes EP|dem|°|°g|5t
ki fastqg Pathotyping Risk assessors
———— cgMLST/wgMLST
haSNP
——

= Virtually complete characterization at max resolution
* One lab method for all bacteria and all typing

» Sharing of a lot of information in universal format

= Less processing time and personnel workload

~ efsam

Eurapean Food Safety Authority

End-to-end management of genomic sequence data and

e INNUEND®
It is designed for supporting outbreak detection and investigation L]

by matching specific profiles. www.innuendoweb.org
Quiality verified species-specific genomic databases.
The query is done using allelic profiles

o B oD ol

Choose a Species Build a Project Run Procedures

CGnoose between one of the available Build a Project to aggregate strains froma  Choose from the strain specific procedures Visualize the results in an interactive
species to work on specific event. available and apply them to your strains. reports application.

Learn More Learn More Learn More Learn More

View Projects

https://www.sanger.ac.uk/science/groups/pathagfrmatics

http://www.innuendoweb.org/

I mdysdlsy bjLd ©OLteOBBISSd d dzOkfiqizf o jsdalizdeds L
OdzdL tsls desots ff € sdajddpgiO (WNSGSH0O CdEds tHipfifiERsteiae ifidsy
wzjMdztslsts tOL B d tcOdzj 2O B IstsHO i dzdztsdzj dnidatsts d3o
jHEeY o Odzj st Bk SOkt fMjwsd¥dydieOd o&jlsH o
Odzed Is j dzdzd Is j| ma thitfifeotsfotsjlsts dL f sdzL 9 Odzj o tolzls d dzdzO
Hiso J B 200 d lsjsdzdetsIsts  ff tsdzd 3 § dzd § Sulgor IsiR) Bdj Mifstsd diats(
Misi § desMiss® dzO Bj ssHdC Ols 0.
1

59 OlIsO ¢ jdzgj eOydw fmjSCojdedtcOdzj, dzOd d3j detso Odzd
sted &, 4 "NdueslitsdkOh OB jd fSHAtH, G22It ko fizd yoOo
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f15OCIdSC ®p ORMGEE Witz ki oi teh j dzilovotide copjdEjts diasivd
fsdkzydd® dJd¥stekoydy L O &Bzksoyddlsj, slcto tstedd
L OB sdzW.9 Odzd W

YiejL bjrdsdscddls LO MjSojddiOd) 6l fdjHo
sBjd3 HOdzded f J O SHc Otlsls Cotcj &3j d Mdzj Hise Olsj dzdaets
B HJYyddmSdlsy Mmfjydoddmisd d Isjrddlsj f0Oydjdzsd
OHJj CoOIsdets dzj yJ ded J .

Avw dzsilsdetslsts ¢ j des didzs T € o jfgldddpjOzlz0 1@ i e difvis
LO tedmS wdjls i sHl§ dz0 dzOMmdzj HMmlse j dzd L OB sdzw.o Oded W

I Hdzjhdes otej i ywdshbdsks ¢jdtsdds Mo j dzo
Mitwlsdy fydPeE@msmisd yjd §sHABH o &Bsddlsstdddo d ft
fod BYyj &S OO dz0 ttdMS.0 s ol LdfCo Odzjlsts dds

sOf Oydilsj G =dE@®Istztcd d Is § ) [oteBf O LO dLol tho
Md Coj dzlsj eV @adzOdz@ 11 )

Sequencing capacity in EU (EFSA survey — 2016)

Q1. DO YOU CARRY OUT WGS ACTIVITIES? 28% YES (N=154 respondents)

. EURLs (%)
Yes

7
{100%) No

@ NRLs sequencing (17/30)

®
® QLssequencing (3/14)
i ® NRLS (%)
@ NRLs nonsequencing (13/30) ®. @
®
* OLsnon sequencing {11/14) ®. v
®.
Non-MS answering e, @
| X
Notanswered
W { N
& | ® [ ) P
®.
®. ®
® ®.
. ondent

Status December 2016

Courtesy of Beatriz Guerra PN m_m ‘P
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Sequencing costs

Cost per Raw Megabase of DNA Sequence

200132902 2083-2004':2006 200€ 2007 200820092010 201120122813 21 20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Cost of determining 1 Mb Cost of sequencing a human-
sized genome — $1K/3000Mb

MinlON GridlION PromethlON
p - £ Ill!liltm!
From $1,000 = From $49,955 - From $165,000
B . High-throughput, modular benchtop
Ewverything you need to explore the Compact benchtop system designed to

system. All the benefits of Nanocpore

techneology and investigate the potential of run and analyse up to five MinlON Flow B }
sequencing, massively paralleled.

real-time analysis. Cells

PromethlON opti
Select MinlON > GridION options >

MinlON VoITRAX v2 -Q_C\D Flongle
Mki1C co >
= $8,150 0 D Starter Pack

$5.250

I

From $4,999 Automatic sample extraction and library

A MinlON with fully integrated compute preparation. An adapter for MinlON for smaller tests or

experiments

and screen.

deuv 23 j (sSOLOdE ftsjSls LO dsddsstd:
i, oRiuEdPi{sdE@EBs] 2 0ddHdiOd djlssH
fr]JQSJdZISJdZ O dzO dzd L d HEBC dZOHoO Odzj Ists
dej dzO MIsOdgH Otelsdedlsjy G jtcOlsdo dzad f ot
EjHdOSCowo Odzjts fgdR i Gls@ Ji€ jqisjj to fndzledz@s s
O tejL dMlsj dalsdzsls.

g O
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Specific Monitoring of | Routine Monitoring of AMR |
EBL-/ AmpG/ carbapenemase-
i . * ) | Salmonella / E. coli | | Campylobacter “ MRA |
producing E. coli * * *
. Es
| Pres EBL/AMPC/ Carba-p.E.coli | | L Panel | | Penel | | Pafe' | PT Trials by EURL-AR:
\ 4 v v v \ microdilution
1% Panel WGs [Preses | [ aiteria | | Oiteria | | aiteria
performed ‘ Accreditation of labs. for DNA extraction
2" Panel by voluntary MSs
Training by EURL-AR:
y Harmonised SOP v DNA extraction, library preparation
i and sequencing
i Q 22571
U? g:: \Tl Harmonised SOP:
* 0 . a same version of areference
Presumptive || %" fles Presumptive. database,
EBL o— EBL similar parameters for trimming,
5 categories 5 categories quality assembly, AMR
T characterisation
v il = PT Trials by EURL-AR
CONFIRMATORY TESTING: CONHRMATORY TESTING : sequence quality
WGSby voluntary MSs WGSby voluntary MSs (with support provided by the BURL-AR) (same quality of DNA)
or by the BUR-AR or by the BURL-AR —

a!

f-===—== :—.—::l-}\

Curation of Ref. Database

____________ )

ANALYSESAND INTERPRETATION :

(resistance gene profiles)
. Commercial Sftware
. Public Online

. Fﬂ'pelineS[ha\ monisation: parameters to be fixed]

PREDICTION OF
RESISTANCE .

e . . — — — — — -

L.

(8

ftcj HdZzOG O

Building capacity for genomic-based surveillance

EXTERNAL SCIENTIFIC REPORT

APPROVED: 8 June 2018

doi:10. 2503 /sp.afsa 201 8 EN-1431

NOAGE

Final report of ENGAGE - Establishing Next Generation
sequencing Ability for Genomic analysis in Europe

Rene S, Hendriksen®, Susanne Karlsmaose Pedersen’, Pimlapas Leekitcharoenphen’, Burkhard
Malorny®, Maria Borowiak”, Antonio Battisti’, Alessia Franco’, Patricia Alba”, Virginia Carfora’,
Antonia Ricei®, Eleonara Mastrorili®, Carmen Losassa®, Alessandra Lory

%r:', Sara Petrir”, Lisa

Barco®, Tomasz Wolkowicz’, Rafat Gierczynski®, Katarzyna Zacharczuk®, Matalia Wolaniuk®,

Dariusz Wasyl®, Magdalena Zajqc", Kinga Wieczorek®, Katarzyna Pdftorak®, Liljana Petrovska-

Holmes’, Rob Davies’, Yue Tang', Kathie Grant’, Anthony Underwood®, Timothy Dallman®,
Anais Painset®, Hassan Hartman®, Ali Al-Shabib®, and Lauren Cowley

*
*

European
Union
Reference
Laboratory

* Antimicrobial
N (=]

Resistance

In the project period, ENGAGE has shown that it is possible to implement WGS and the use of
bioinformatics tools in laboratories without any prior knowledge of WGS, and that other countries can
be supported to do this through partnerships. In addition, ENGAGE has showed that some current
phenotypic methodologies, e.q. Salmonella serotyping, could in the future be replaced by WGS and
the use of bioinformatics tools. The ENGAGE project was successful on many levels both in terms of
boosting WGS and analysis capacity and capability across Europe but also in demonstrating
advantages of having genome data sets from different sources and different countries for validation
and benchmarking exercises as well as investigative analyses. To date there has been little
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ltetsj Clsi Is HENt@/AVEEengagee ur ope. eu/ ) J Mmi lstekzH ded Yy
ddzmisdlszydd o ot O©. AjdzksO j HO M @it tgidzozg @O
OdOdzdLi s dO yj dzdw cjdesdzs ( WGS) o B d&zOMIslsO dzO
2O Bh jMise j desSIENGAGEOM] WtsSCkzMdtec® ol terlz dgv €t
Escherichia colicommensal E. cdli d tc CQaldzohejlezdhp. MJjteslsdftsej . wJ
sBh s SPdwOAG3E,colid7 8 SalBoRells pp. vjLd ¢ jdetsdzded fj Coj
d MisHjdjdd ®&BixHkE §Otlsd stedlsj o JtsjClsO
fJ2MCOO BO O L O Gjdtsdzded § sfpdzj His9 Olsj dzdzat
tc Of dzPldzpPdzdzL d , LO HO M ®yjdzd ol L di3sy detsflsl
LJteOdzj f WGS L O fteskzyeaOdzgy dzO weded Ol O
JHMMso 53 Isj Mls feOjtcls dzOds tf el §s SE 2B MIFO sy dzed dz
HJGC OO d Wi H@sEidsinlsds®@j ste ] dzO0 o tlkzlsd dzdzOls ©
Iso jdd MO i CsosHdzd HESCER]dsd “d ddhlstckz¢
tczdsi dzlsd L O BdddW stcd3dOIsdyj dz OdzOdzdL d MmlsO
zd C 2o Odzgd ddzO2dz dddO IsBh 9 fgls ezi dzslzOH tof fiplisij £ Is
d dz0ted , sBkydlsj dzdzd Cktefmtsej o skddddze ftots
dz0cOdzj Ists dzO dBj IssHdE OlsO WGS.

10 e d ud o kiztstigdd®iycdlsi Is ENGAGE:
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/sp.efsa.2018.EN d
http://www.engagesurope.eu/

cnsw:nn.;u&*—'zﬁ-'—*

1o6s[ SY[1R[:
uf StejH OCO dL sy jddlsj jlsOfd o jotd® ydwlisC
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1 jHdOIO | &Jddolss tedL Oydw dz0 Of OtcOlskztcOlsO
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! o9lste®O [Sdz@zhﬂdgﬁd.@lsflj@tsOdzjsd!zﬁzO OB dzv di3 tsB
d mJ Soj duduftctss jfds B d ts oldiCOmtipE Ofis jo Sugj jodztzd tc ® dzd Is §
oCdzs ydlsj dzdes L O @] dzts dzdzts QOtGlsq’tQGdzJ d st
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The ORION Project - A One Health Surveillance Initiative

Thomas H.A.Haverkamp!, Sandra Stelzer?, Jorn Gethmann?, Franz J. Conraths?, Christoph Staubach?, Fernanda Dorea*, Thomas

Selhorst?, Christine Muller-Graf?, Idesbald Boone?, Johanne Ellis-lversen®, Taran Skjerdal!, Karin Lagesen!, Cecilia Jernberg®,
Matthias Filter?, on behalf of the ORION consortium

llorwegian Veterinary Institute (HV1), Morway, *friedrich-Loeffler-Institute (FLI), Germany, *Bundesinstitut fiir Risikobewertung (BfR), Germany, “Swedish Hational
Veterinary Institute (SVA), Sweden, 5Technical University of Denmark (DTU), Denmark, SPublic Health Agency of Sweden (FoHM), Sweden

Rationale:

C One health suRveillance Initiative on harmOnization ‘»M S,
: Y of data collection and interpretatiol
v A o %

dmw % '

1o true state-of-the-art established yet
in One Health Surveillance (OHS)
lleed for inclusion of all sectors

Establish and strengthen:
inter-institutional collaboration
transdisciplinary knowledge transfer

Il dBdzd sctcOW d W :

1. Routine Use of MicrobiaWhole Genome. Sequencing in Diagnostic and Public Health
Microbiology-Cl audi o U. - K°ser, Matthew J. Ellingt
Gillespie, Nicholas M. Brown, Mark Earrington, Matthew T. G. Holden, Gordon Dougan,
Stephen D. Bentley, Jaln Parkhill, Sharon J. Peacock

2. https://www.fda.govt U.S. Department of Health and Human Servicéhole Genome
Sequencing (WGS) Program

3. https://www.cdc.gov# Volume 22, Number& August 2016 WholeGenome Sequencing
Detection of Ongoindiisteria Contamination at a Restaurant, Rhode Island, USA, 2014
Jonathan S. Barkley, Michael Gosciminski, and Adam Millerl

4. https://www.cdec.gov# Volume 20, Nonber 4 April 2014- Whole-Genome Sequencing
for Risk Assessment of Longerm Shiga Toxini producing Escherichia coli- Knobloch
J, Niemann S, Kohl TA, Lindner U, Nitschke M, Sayk F, et al.

5. http:i/Aww.elta90.com/%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%
B8%D0%B5/%D0%BC%D1%83%D0%BB%D1%8D0%B8%D0%BC%D0%B5%D0%
B4%D0%B8%D0%B9%D0%BD%D0%BE
%D0%BF%D1%80%D0%BE%D0%B4%D1%83%D0%BA%D1%82%D0%BE%D0%B2
%D0%BE/%D0%BF%D1%80%D0%B8%D0%BD%D1%86%D0%B8%D0%BF
%D0%BD%D0%B6
%D1%81%D0%B5%D0%BA%D0%B2%D0%B5%D0%BD%D0%B8%D1%80%D0%B0
%D0%BD%D0%B5%D0%BF%D1%80%D0%B3
%D0%B8%D0%BB%D1%83%D0%BC%D0%B8%D0%BD%D0%B0
%D0%BC%D1%83/

6. sOCoB HtjHMISOs dzWv 8 O YW dzts YGRS BENOWA Smissidzs MJ ¢ o
biotechnology
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7. WholeGenome Sequencing of Bacterial Pathogens: the Future of Nosocomial Outbreak
Analysis- Clinical Microbiology Reriews- Scott Quainoo, Technical University of
Denmark; Sacha A F T van HijunRadboud UniversityJordy P. M. CoolerRadboud
University Medical Centre (Radboudumtjartijn Huynen,Radboud University Medical
Centre (Radboudumc) at all

8. Whole genome sequencing and its applications in medical genédt@gosn Wu, Mengmeng

Wu, Ting Chen and Rui JiandMOE Key Laboratory of Bioinformatics, Bioinformatics
Division and Center for Synthetic & Systems Biology, TNLIST; Department of
Automation,Tsinghua University, Beijing 100084, Chinuantitative Biology 2016, 4(2):
115128 DOI 10.1007/s4048d16-006 -0

9. Bioinformatics Sequence and Genome Analysis Eliddkvid W. Mount

10. Bio153 Microbial Genomics Professor Mark Pallen, University of Birngham
11. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3831009/

12. https://www.ebi.ac.uk/ European bioinformatics institute

13. Molecular Genetics Genome 8quencing Basic & Applied Research on Jute Project
(BARJ)

14. Whole genome analysiR.Priyanka M.Sc Biotechnology

15. WHOLE GENOME SEQUENCING OF BACTERIA & ANALYSI$ Elamurugan Ai
Veterinary immunology

16. Application of next generation sequencing in-clinicanwbiology and infection prevention
- Ruud H. Deurenberg, Erik Bathoorn, Manika A. Chlebowicz, Natacha Couto, Mithila
Ferdous, bhosy Anaa M3IaKooigtr@mid, Erwin C. Raangs, Sigrid Rosema,
Alida C.M. Veloo, Kai Zhou,Alexander W. Friedrichohn W.A. Rossen, Journal of
Biotechnology

17. High-throughput wholggenome sequencing to dissect the epidemiology of Acinetobacter
baumannii isolates from a hospital outbredk Lewis, N.J. Loman, L. Bingle, P. Jumaa,
G.M. Weinstock, D. Mortiboy, M.JPallen, Journal of Hospital Infection

18. Whole genome sequencing as a typing tool for foodborne pathogehsstiéea
monocytogeneis The«way towards global harmonisation and data

Exchange St efani e L¢t ha, Syl vi-a@renddinFoabaience®ascha A
Technology

19. Whole genome sequenbased serogrouping bfsteria monocytogendsolates- Patrick
Hydena; Ariane Pietzkab, Anna Lennkhb, Andrea Murerb, Burkhard Springerb,Marion
Blaschitzb, Alexander Indrab, Steliana Huhulescub, Franz AllerbeWjerher Ruppitschb,
Christoph W. Sensen

20. " Whole-genome sequencing to control antimicrobial resistaé audi o U. Kol s¢
Matthew J. Ellington, and Sharon J. Peacock

21. Real time application of whole genome sequencing for outbreak investigatitvat is an
achievable turnaround time™Patrick McGann, Jessica L. Bunin, Erik Snesrud, Seema
Singh, Rosslyn Maybank, Ana C. Ong, Yoon I. Kwak, Scott Seronello, Robert J. Clifford,
Mary Hinkle, Stephen Yamada, Jason Barnhill, Emil Lesho
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. How to use whole genome sequencing for monitoring of antimicrobial resistance in bacteria
T European union reference laboratory for antimicrobial resis@amd¢®TU

. Opportunities and challenges of

. Whole-genome andexome sequencingBritt-Sabina Petersen, Broder Fredrich, Marc P.
Hoeppner, David Ellinghaus and Andre FranlBMC Genetics

.EFSA Scienti fi eUse&obWHole Gamime Sequercidd(WGHBijpod-
borne pathogens for public health protection

. Establishing a Whole Genome SequeBesed national network for the detection and
traceback of Foodborne Pathogemsarc W. Allard Ph.D., Division of Microbiology;
ORS,Center for Food Safety and Appligdtrition, (FDA) USA

. Whole genome sequencing of foodborne pathogens: experiences from the-Reference
Laboratory- Kathie Grant, Gastrointestinal Bacteria Reference Unit, Public'helath England

. One Disrupting Technology Fits it AlTowards Standardized Baotd Whole Genome
Sequencing for Gl obal SurveillanceDag Harm

.Canadads | RI DA Project for <lI'nfGuyVWVanous Di se
Domselaar, PhD, NMLLPHAC T Canada, Public health agency-of Canada

. Identification andCharacterization of Foodborne Pathogens by Whole Genome sequencing:
A Shift in Paradigni CDC

. Implementation of genomics technologies in regulatory food microbiology tediing
Catherine Carrillo, Canadian Food Inspection Agency

. GenomeGraphR: A usériendly opersource web application for foodborne pathogen

Whole Genome Sequencing data integration, analysis, and visualizkta®rz Sanaa,

R®gi s Pouillot, ~Francisco Gar ce-<Lenkefgga, Err
Food Safety and Applied Nution,.Food and Drug Administration, United States of

America

. Comparison of longead sequencing technologies in the hybrid assembly of complex
bacterial genomesNicola De Maio, Liam P. Shaw, Alisdair Hubbard, Sophie George, Nick
Sanderson, Jeremy Swarkyan Wick, Manal Abu Oun, Emma Stubberfield, Sarah J.
Hoosdally, Derrick W..Crook, Timothy E. A. Peto, Anna E. Sheppard, Mark J.Bailey,
Daniel S. Read, Muna F. Anjum, A. Sarah Walker, Nicole Stoesser

. Whole genome sequencing for foodborne disease sanved WHO
.16S Metagenomics Studiidleamnai th the Mi SeqE S

. Meta=G-Nome DNA Isolation Kit www.epibio.com/applications/nucleicaeplrification
extractionkits/dnapurificationrgenomic/metag-nomednaisolationkit)

."Metagenomic DNA Isolation Kit for Watemfyw.epibio.com/applications/nucleaxid
purification-extractionkits/dnapurification-genomic/metagenomidnaisolationkit-for-
watei)

. SoilMaster DNA Extraction Kit fvww.epibio.com/applications/nucleaxcidpurification
extractionkits/dnaextraction/soilmastednaextractionkit)

. Nextera XT DNA Library Pep Kit | lllumina
(www.illumina.com/products/nextera xt dna sample prep Kkit)ilmn

.De novo Bacterial S e g u eHigh-guality, painederid heads Mi Se q E
ensuresuperior de novo genome assemiblilumina
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. Challenges in the Clinical Use of Genome Sequencigpert C. Green, Heidi L. Rehm,
and Isaac S. Kohane
.8 O0tlsdteOdzy d MmJ ¢ o-F dzd tc O e iz Aot Eriigzs@3 0

. https://www.genome.gov/FunddttogramsProjects/ComputationdbenomicsandData
ScienceProgram#1 National human genome reseh institute

. DNA Sequencing Costs: Datdata from the NHGRI Genome Sequencing Program (GSP)
. The principles of DNA SequencingNCBI

. Whole-Genome Sequencing for Routine Pathogen Surveillance in Public Health: a
Population Snapshot of Invasi®&aphylococus aureusn Europe- David M. Aanensen,
Edward J. Feil, Matthew T. G. Holden, Janina Dordel, Corin A. Yeats, Artemij

Fedosejev,Richard Goater, Santiago CasRlla m2 r ez, Jukka “Corander,
Monika A. Chlebowicz, Leo Schouls, Max Heck,Gedle Pluister, Raymond, Ruimy,
Gunnartr Kahl meter, Jenny jhman,m Eri ka Matu

Parkhill, Stephen D. Bentley, Brian G. Spratt, Hajo Grundmannj, ESCMID Study Group on
Molecular Epidemiological Markers (ESGEM), European StaphylcaioReference
Laboratory Working Group

. Whole genome sequencing (WGS) for fdmarne pathogen surveillance and taking the
pulse- J MoranGilad, 1. Ministry of Health, Public Health Services, Israel, 2. Faculty of
Health Sciences, Be@urion University othe Negev, Israel, 3. ESCMID Study Group for
Genomic and Molecular Diagnostics, Basel, Switzerland

. Assessment of metagenomic Nanopore and-lllumina sequencing for recovering whole
genome sequences of chikungunya and dengue viruses directly from cliniplgsam

Liana E. Kafetzopoulou, Kyriakos Efthymiadis, Kuiama Lewandowski, Ant Crook, Dan
Carter, Jane Osborne, Emma Aarons, Roger Hewson, Julian A. Hiscox, Miles W. Carroll,
Richard Vipond, Steven T. Pullan

. Faction 2: Genome Assembly Lab and PreliminaryaD&hristian Colon, Erisa Sula,
David Lu, Tian Jin, Lijiang Long, Rohini Mopuri, Bowen, Yang, Saminda Wijeratne,
Harrison Kim

. RealtTime WholeGenome Sequencing for Surveillance of Listeria monocytogenes, France

- Alexandra Moura, Mathieu Tourdjman, Alexde Leclercq, Estelle Hamelin, Edith
Laurent,.vNathalie Fredr i ks eDeye, Marrefhavenotfan C
Guillaume Vales, Nathalie TessaRd t a, Myl ne M. Maury, Andr e
Criscuolo, Emmanue Quevillon, Matsi@erre Dongy, Vincent Enouf, Henriette de Valk,

Sylvain Brisse, and Marc Lecuit

. Interpreting WholeGenome Sequence Analyses of Foodborne Bacteria for Regulatory
Applications and Outbreak Investigation&rthur W. Pightling, James B. Pettengill, Yan
Luo, Joseph D. Bugher, Hugh Rand and Errol Strain

»'ECDC strategic framework for the integration of molecular and genomic typing into
European surveillance and medtountry outbreak investigatiorR S ECHNICAL REPORT

. The Present and Future of Whole Genome Sequencing (\&f@&aiS)Vhole Metagenome

. Sequencing (WMS) for Surveillance of Antimicrobial Resistant Microorganisms and
Antimicrobial Resistance Genes across the Food GHaena A. Oniciuc, Eleni Likotrafiti,

Adri 8n -Mollvianrae,z Mi guel Pri et AvelinDAlvardze s ¥as A. ¢
Ord- Yez

. GenomeGraphR: A usériendly opensource web application for foodborne pathogen
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58. whole genome sequencing data integration, analysis, and visualizitiore z San a a, R
Pouillotl D, Francisco GarMarDoen Vegal D, Erro

50. | j desd3ded B OL d WQOfeded ML @ dgfs®HFE O 1 4 0

60. Salmonella enterica Phylogeny Based on WAtaémome Sequencing Reveals Two New
Clades and Novel Patterns of Horizontally Acquired Genetic ElemdaisWorley,
Jianghong Meng, Marc W. Allard, iErW. Brown, Ruth E. Timmec

61. Methods Guidé Illumina
62. ECDC roadmap for integration of molecular and genomic typing into Eurdpeah
63. surveillance and epidemic preparedrie&CDC

64. Foodborne pathogens & whole genome sequencing: impact on public fresdtttion-
JOINT CONFERENCE all participants files and presentaticr@TU, EFSA;, WHO,
ANSES, BfR, National institute of food and drug safety evaluation South 'Korea, FDA USA;
Paris, Franse

65. Pilot Program Aims to Advance NGS to a Routine Pathogen Td3katfiprm- Maria
Fontanazza

66. LABORATORY STANDARD OPERATING PROCEDURE FOR PULSENET NEXTERA
XT LIBRARY PREP AND RUN SETUP FOR THE ILLUMINA MISEQ

67. PULSENET STANDARD OPERATING PROCEDURE FOR ILLUMINA MISEQ
DATA QUALITY CONTROL

68. Detection and Moleculdgpidemiology of Foodborne and Animal Pathoget&SLER
Parma | aboratory adds the Mi SeqE System to
genetic screening studies efficiently.

69. Rapid microbial surveillance using nanopore DNA sequencing ARIdrtin H. Andersen,
Rasmus H. Kirkegaard and Mads Albertsen

70. NanoAmpliSeq: A workflow.for-amplicon sequencing from mixed microbial communies on
the Nanopore sequencing platforn$zymon T. Calus, Umer Z. ljazl, Ameet J. Pinhto
University of Glasgow; UK & Northeaste University, USA

71. De novo sequencing.and higiuality assembly of yeast genomes using a MinlON device
Viktoria Hodorova, Hana Lichancova, Dominik Bujna, Martina Nebohacova, Lubomir
Tomaska, Brona Brejova,Tomas Vinar, and Jozef Nosek

72. Getting complete gammes from complex samples using nanopore sequenévid) -
Rasmus H. Kirkegaard, SBren M. Karst, Mads

73. NANOPORE SEQUENCING FOR ONEHEALTH: genome and plasmid characterization of
a methicillinresistant Staphylococcus pseudintermedius strain égbfedm canine otitis
and metagenomics samples from horserectdino aqui m Vi fes, Ol ga Fr ¢
Cusc -

74. Extracting closed genomes from comammox enrichment cultures using Nanopore
sequencing Laura N. Wenzel, Jeroen Frank, Maartje A.H.J. van Kesskk B.M. Jetten ,
Sebastian L¢cker

75. PulseNet International: On the Path to Implementing Whole Genome Sequencing for
Foodborne Disease Surveillaric€DC

76. Skmer: assemblfree and alignmeriree sample identification using genome skims
Shahab Sarmashghilrigtine Bohmann, M. Thomas P. Gilbert, Vineet Bafna and Siavash
Mirarab
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Infection control in the new age of genomic epidemiologatrick Tang MD, PhD,
Matthew A. Croxen PhD, Mohammad R. Hasan PhD, WilliamW.L. Hsiao PhD, Linda M.
Hoang MD

Navigating the diture of bacterial molecular epidemiolog@tephen Baker, William P
Hanage and Kathryn E Holt

Whole genome sequencing options for bacterial strain typing and epidemiologic analysis
based on single nucleotide polymorphism versus-grgene based approaed A.C.
Sch¢rch , -AansoReJi.aMllens,dRdV. Goering

DNA sequencing at 40: past, present and futdiaey Shendure, Shankar Balasubramanian,
George M. Church, Walter Gilbert, Jane Rogers, Jeffery A. Schloss & RobertH. Waterston

What are wole exome sequencing and whole genome sequericig@etics Home
Reference

Use of WholeGenome Sequencing in Food SafelMartin Wiedmann, Ph.D., D.V.M.

The sequence of sequencers: The history of sequencing-Daes-M. Heather and
Benjamin Chain

Whole-Genome Sequencing of DrResistant Mycobacterium tuberculosis Strains,
Tunisia, 201220167 CDC

Current Status of Whole Genome Sequencing in thecHuman Foods Program-at FDA
www.fda.gov- Steven M. Musser, Ph.D.

Courseon Introduction to microbial whole genome sequencing and analyitte Voldby
Larsen- DTU i Center for Biological Sequence Analysis (CBS), Henrik HasniaihU 1
National Food Institute

Whole genome sequencing and its-applications in medical genéizcsn Wu, Mengmeng
Wu, Ting Chen and Rui Jiang

Past, present and futurein the Danish antimicrobial resistance monitoring
programme(DANMAP) Valeria Bortolaia, DVM, PhD

Campylobacter: recent knowledge using genomics and metagendviacenne Chemaly,
Anses

RAKIP: Resources for harmonized annotation and efficient exchange of risk assessment
models- Matthias, Filter

Integration of.genomics in outbreak detection and investigation of foodborne pathogens
Mirko Rossi, EFSA

The presence and future in antinoicial resistance surveillane®ene S. Hendriksen,
Research Group of Genomic Epidemiology, WHO CC AMR & Genomics

Plasmidmediated colistin resistance in German Salmonella enterica strains isolated from
livestock, food and the environmer¥laria Borowiak

WGS and antimicrobial resistancésabelle Kempf, ANSES
Investigation of listeriosis outbreaks in small ruminants using pdisketigel

electrophoresis and whetgenome sequencingdoj an Papi | Mat eja Pat

Implementation und Validation @ioinformatics Pipelines for Routine Diagnostic based on
Whole Genome Sequencind °r g Li nde, Most afa Abdel Gl i
Bacterial Infection and Zoonoses (IBIZ), Jena, Germany
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