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Application of next generation sequencing (NGS) system
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Sung-Hyun Moon', Amina Khatun', Won-Il Kim', Md Mukter Hossain’, Yeonsu Oh’, Ho-Seong Cho'*

College of Veterinary Medicine and Bio-Safety Research Institute, Chonbuk National University, lksan 54596, Korea
Department of Medicine, Faculty of Veterinary & Animal Science, Sylhet Agricultural University, Sylhet 3100, Bangladesh
Department of Veterinary Pathology, College of Veterinary Medicine and Institute of Veterinary Science,
Kangwon National University, Chuncheon 24341, Korea

(Received 16 February 2016; revised 11 March 2016; accepted 17 March 2016)

In the present study, fast and robust methods for the next generation sequencing (NGS) were developed
for analysis of PRRSV full genome sequences, which is a positive sensed RNA virus with a high degree
of genetic variability among isolates. Two strains of PRRSVs (VR2332 and VR2332-R) which have
been maintained in our laboratory were used to validate our methods and to compare with the sequence
registered in GenBank (GenBank accession no. EF536003). The results suggested that both of strains
had 100% coverage with the reference; the VR2332 had the coverage depth from minimum 3 to max-
imum 23,012, for the VR2332-R from minimum 3 to maximum 41,348, and 22,712 as an average
depth. Genomic data produced from the massive sequencing capacities of the NGS have enabled the
study of PRRSV at an unprecedented rate and details. Unlike conventional sequence methods which re-
quire the knowledge of conserved regions, the NGS allows de novo assembly of the full viral genomes.
Therefore, our results suggested that these methods using the NGS massively facilitate the generation
of more full genome PRRSV sequences locally as well as nationally in regard of saving time and cost.
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NGS)o| 7= it o] w2 2008 Q17F Al59
A7 B ATE a5l vEski ol
2001 W3¥ % human genome project A7} 139 2
2 23 mEEA 22w A9 et 1
sbe] gulel we AR Hlg B ofUe} o] & BAS
= A=Y RS dA Fo] AdPEoiof st wA
ool 4=oet FokollA &gstr]ofl= ofeol 3
A THWheeler 5, 2008). “L&u} X 7]& NGS &4
AMEAE ok 7]He] solual Al Ve RS
NGS9] =30 Gb (giga base=1,000,000,000 bp) T2|7}
obul, 7el AF-Alolt ks ol A £dstr] gt
ShES Ao 4o ol HoleE &4 W
A ksl BAR 4 9w, A Adn equle
AR 27 NGS7F HaEwA o5 493 Zof
A= 27 S8 ol ThsaA Hgich
H XA 7 58 7|E S H(porcine  reproductive  and
respiratory syndrome, PRRS)-> PRRS H}-o]# A (PRRS
virus, PRRSV) ZF&dof 2J3t 2+ © &(Baron 5, 1992),
QUAECIA f4F, AR, 2AF 59| 4] oo} 55
7] Aell, vlSEolA A At 59 S4do] vEhg
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A, A4,
T oS Adsd gHSo] FtE o] =l
g3t AAAH £4L F311 QtRossow =, 1995;
Neumann, 2005; Seo 5, 2015). PRRSVE A A|A| & o
2 5 Z70] §AAF 0] =1 Lelystad virus (LV)
2 2EE 938 (type DI VR-233202 jEEL=
Eu|8(type )] tHCollins 5, 1992). PRRSE= 19871
njto| A 220 2 HI1E| Q31 (Albina, 1997), 1990
Yo A type Tof] ot o] A5 IE ol
(Wills 5, 1997) g0l A= 1990 % type I -3-A =}
o] PRRSV7/} #& £33}91(Kweon 5, 1994),
type I BFo]2] A= 20059 #3 HE5 A oHKim 5,
2006).
PRRSV:=

_l

97l19] open reading frame (ORF)E 3£3}+
3H=4| 21 % ORF5%= virion®] W] &5+ GPS
S WA AR SRS fE
Sl ol Azt e & $HA Wolg moly)
ujEo] PRRSVE] Ertelstx £ tjab wejolct
(Ansari 5, 2006; Key 5, 2001). wt2}4 ORF59] A%
4 B4g B4 vlolej2o] Woo] mE EHE B4
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RFye] 548 BASH-E|% o]f7h SUX/8k PRRSV
deil HA7F 15,500 bp Wolel Y& mefshe 71E
o @714E LAWY 71EH GACE oIk ek

wetd B =RolAl NGSE olgste] therd
PRRSV A4 97149 H4S SaFomn ol
ool 4 NGS A|289] Bg4S shelstust stk

SA| HIO|HA

Ao ARl Hiolg A Brg EEHbo]# A%
PRRSV VR2332 (ATCC VR2332)9} @]u}u]2l(Ribavirin)
AelE B3k Ho|F<l VR2332-R, & 2%S A3}
t}. o]E vfo|HAEL MARC-145 cells (ATCC No.
CRL-12231)0] 4] wlekstgal ¢7k= 10° TCIDsy/mLE
ZAJste] Adof o] g5ttt

HIO|2{A RNA ZZ= 5! cDNA M

Z+zro] ulo]z{ A= RNeasy Mini Kit (QIAGEN,
Germany)E ©]-83lo] AlAboA =33 W=
Hlo|gA RNAE F=3}19th. ¢cDNAQ} standard=
Qubit® dsDNA HS Assay kit (Molecula Probes, Life
technologies™, USA)S Al23l0] A|Z Ao wha}
ZH|5}9al, DNA sample 1 pLo] Quanti-iT reagent@}
QuantiT buffer®] 1:200 S8 199 uLE % 7}5}o]
Z4]3}9 31, standard= standard low buffer?} standard
high buffer 2} 10 pLof €J¢F 5 &3 190 uLs
A7tsle] ZH)3F & Qubit® 2.0 Flurometer (Invitrogen,
Life technologies™, USA)E o|&3lo] L =2 =43}
Ak,

DNA Library ZH]

A2kt ¢cDNA sample2 Ion Xpress'™ Plus Fragment
Library Kit (Life technologies™, USA)S AR2-3}o] 350~
400 bpe] Z7]e] wrEoR Zulstelck. 7hes] A
5}, DNA sampleo] Ion Shear“'Plus 10X Reaction
Buffer?} Nuclease-free Water 2 Ton Shear' " Plus Enzyme
Mix2E &3+ & Hot blocko] A] 37°C 587F Xalske
a1, ¢J7]¢f Ton Shear Stop BufferE &3}51%th. DNA
sample®] ZA|oll== AMPure bead (Beckman Coulter,
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USA)E A4t ZF DNA sampleS-2 Ton XpressTM
Barcode Adapters Kits (Ion Torrent, Life technologiesTM,
USA)E ©]-&3t barcode F2Fo= 1S o~ Qlqlch
Z+ DNA fragment sample©]] Z}Z} barcode A go] th=
lIon Xpress'" BarcodeS &3}al H, 25°Co|A] 15&,
72°Col| A 5E7t A 2]5to] AMPure bead (Beckman
Coulter, USA)YE AR&-sll A3 2 A3 T8
3} size®] fragment= E-gel® iBase™ (Invitrogen, Life
technologies, Israel)Q} E-Gel® SizeSelect 2% Agarose
Gel (Invitrogen, Life technologies, Israel)2 ARE-3}o]
ATt A% size®] DNA fragment+= Ion
XpressTM Plus Fragment Library Kit (Ion Torrent, Life
technologies™, USA)E ©]-8-5}6] PCRE <:33}4ith.
PCRS DNA fragment sampleo Platinum® PCR
SuperMix High Fidelity@} Library Amplification Primer
MixE Z38tsto] 95°Col|A] 5E initial denaturation
233E T, 95°Cof| A 15%, 58°CollA] 15%, 70°Coj| A
127 5 18 cyclex WHE =3stqich. S3%% DNA
fragment sample<> AMPure bead (Beckman Coulter,
USA)E A}g3}o] AASH & lon Library Quantitation
Kit (Life technologies™, USA)Q] A Aty Aol wha}
serially dilution® 2 SH|S}H L control® E. coli
DHI0B Control 400 Library (Ion Torrent, Life tech-
nologies™, USA)E o] &3}t Z1]H sample re-
al-time PCR machine (7500 Fast System, ABI, USA)Z
AH8-8}0] real-time PCRE 33t = x| 4 os}3lt.

Emulsion PCR %! E7|MYE 24

Emulsion PCR sample2> Ion PGM™ Template OT2
Reagent 400 kit (Life technologiesTM, USA)9} Ton PGM™
Template OT2 solution 400 kit (Life technologiesTM,
USA)YE ARgsto] Aol wat &u]stitt. Emulsion
PCR< OneTouch™?2 (Life Technologies'", USA)E o]
251t 3% template-positive ISPs Pellet-> Dyna-
beads MyOne Streptavidin C1 beads (Life technologiesTM,
USA)Z2 AF&3] AAIE.em, Qubit® 2.0 Flurometer
2 Apgeto] FEE shelalgth

Ion PGM™ Sequencing Reagent 400 kit (Life te-
chnologies™, USAYE ©]§3te] AJ8AE A3kt
7reks] Aws)H, template-positive ISPso]| control ISP
£ Sskal 15500 x gofl A 423+ A& sk,
4715 template-positive ISPs pellet-2> sequencing pri-
mer®} Z3Fslo] 95°Co A 24, 37°ColA 2&3t in-

cubation 8}¢]t}. Template-positive ISPs:= Ion 316™
Chip Kit V2 (Life technologies™, USA)o|| loading 3}
31, sequencing2 Ion PGM™ (Life Technologies,
USA) A1 S Agstel ashel.

Data &4

NGS sequencing ¥H3-2] Raw data= Ion PGM™&
%3}o] Torrent Suite Server (ver. 4.0)0] AAE 3L, 1
Z} sequencing 4]0 ZI3Y | 1t} Torrent Suite Server
of| A raw datag exports}¢] CLC Genomics Workbench
8 program (CLC Bio, Qiagen, USA)S A3},
VR2332 (Genbank No. EF536003)9} %1714 &L w3
2 4sheich

sfolalatte] AFE A HAS 9T Q71N B
2 DNASTAR (DNASTAR, Inc., Madison, WI) 21
e ol&sto] Aestlar +AHE d7149S Clus-
talW2 (EBI, UK) &2 138 0]-2&35}] reference strain
I AHAFTE Genetic distancer= Kimura’s two-pa-
rameter model-S AlE-3}o] EHQ151S Tt

2 1

Sequencing X}&2| quality control &£41

NGS 316 chip (Life Technologiees, CA, USA)o|| &
71 g A0 7HeRt el 2 o1t Ton Sphere par-
ticles (ISPs)©| 93% loading (5,901,174 counts) % ¢117,
2|2 library reads 71% (4,153,741)2] law datas ¥ Q)
tl. = library readsof]4] VR2332+= 879.853 reads
(H4F read length 248 bp), VR2332-RE 1,339,484
reads (¢ read length 258 bp)S A Fo] EAlo]
7Hedt o R HrbE

PRRSVS| de novo assembly U HZE QXX}
HIIME BN

=2 ™

NGS9] law data~= CLC Genomics workbench (ver
8.0.1)E ©]83}9] de novo assembly s}ttt EXA47}
VR2332+= 1709 contig, VR2332-R-2 87]9] contig®
BEAE QL o] contigES %ot Ax} VR2332 con-
sensus length+= 15,185 bp= &<l H3%om™ GC con-
tent:= 52.74%%t}. 3FH VR2332-R9] consensus length
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= 15,184 bp= 1% %131 GC content+= 52.74% A Tt
(Fig. 1).

Reference ¥7|AE0j| L%t coverage analysis

Reference F7]A €2l VR2332 (Genbank No. EF-
536003)9t EA1E H7IAES wiARE Al VR2332
2l VR2332-R 2% reference2}2] AHEL 1.000=2
SOl Qi) $FH VR23329] %4 coverage depth= 3,
Z|t)| coverage depth= 23,012 12|31l H4t coverage
depth+= 14,2972 Q1531 © ] VR2332-R-& reference
sequence?} Z|A~ coverage depth= 3, Z|t} coverage
depth+= 41,348 18] Ho coverage depth= 22,712
&2 1= YlckFig. 2).

PRRSV ORF5 ¥7|AY H|uw £M

240] ¢km % PRRSVO] HA-F-HA A7 A Holl A
ORF5°| st 729 G714 ES& 2E2I5to] Genbank
o] 22 PRRSV VR2332 (Genbank No. EF536003)2]
ORFS9} @714 2S vl 24 soich. 248 252
PRRSV®} reference G714 GollA 25 602 bpe] ORF5
A7 LS Bl A reference 7] A E 1} VR2332
L 3709 A7) 2ol Kol 99.50% (599/602),
reference 714 €1} VR2332-RE 4709 7|4 E 9
Zpo]2 Hol 9934% (598/602)9] AFEAL Hch
(Fig. 3, Table 1).

GP2b envelope protein
GP3 envelope protein

N nucleocapsid protein
|GP4 envelope protein

GP5 envelope protein
polyprotein |GP2a envelope protein M matrix protein
1 1 1 1 | 4
EF536003 - - 15182
GP2b envelope protein
GP3 envelope protein
N nucleocapsid protein
GP4 envelope protein
| GP5 envelope protein
polyprotein (GP2a envelope protein M matrix protein
| | N SNEERC IR
VR2332 ¢ v 4 515185
GP2b envelope protein
GP3 envelope protein
N nucleocapsid protein
GP4 envelope protein
| GP5 envelope protein
polyprotein |GP2a envelope protein M matrix protein
B3
. o )
VR2332-R [ | ) L ) L)

15184

Fig. 1. Results for whole-genome sequencing of PRRSV by de novo assembly method.

|GP3 envelope protein M matrix protein

A GP2b envelope protein N nucleocapsid protein
| |GP4 envelope protein
polyprotein IGP2a envelope protein GP5 envelope protein
! i N P G N B A it
EF536003 — -
VR2332
2012

e T o DT B T o I AN
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(GP2b envelope protein M ma rotein
GP3 envelope protein
’ N nucle

L
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tein
GP2a envLe\ope prlotein GP5 envelope protein

NN
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Y ¥ -y
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41348
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o il

T —r—

Fig. 2. Results of coverage analysis of PRRSV VR2332 (A) and PRRSV VR2332-R (B) compared by reference strain, PRRSV (GenBank No.

EF536003).
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CHR|MHAD 1S 57| 2 QA ¥7|M(whole-genome sequencing) A2 QIst XML &PVIME 2AHol &2 45
EF536003 c-’rcr;cnarrr'cr'rrcrrrrr GTGIATC &0
VR2332 GTGTHTC‘ &0
VR2332-R GIGTAIC &0
Consensus
EF536003 120
VR2332 120
VR2332-R 120
Consensus
EF536003 180
VR2332 18
VR2332-R 180
Consensus
EF536003 TTGGGCAGT AGTTTIGTCATCTITCCCGITITGACTCACATIGTCTCCTATGET 240
VR2332 TTGGGCAGT AGITITGICATCTITTCCCGTTTTGACICACATIGICTCCTATGGT 240
VR2332-R ATTGGGCAGTGGAGAGITTIGTCATCTITCCCGTTITGACTCACATIGICTCCTATGET 240
Consensus gattgggcagtggagagttttgtcatctttoccgttttgactcacattgbctoctatggt
EF536003 CCCTCACTACIAGCCATTICCTTGACACAGTCGCTTTAGTCACTGTGTCTACCGCCS 300
VR2332 Gc:c:c:rc:ac:mc:mrsc:c:;arrrc:c:rrrsac:ac:nsrc:sc:rrmsrc:ac:'r 1" TCTHCCGCC 300
VR2332-R 300
Consensus gccctcactac agccatttccttgacacagtcgctttagtcactgtgtctaccgccggg
b L B T T TG T TCACGGGECGETATGICCTAAGTAGCATCTACGCGETCTGIGCCCTGGCTGCGETTG 360
VR2332 TTTGTICACG GC GTATGICCTAAGTAGCATCTACGCEGTICTGTGCCCIGGCTGCGTIG 360
KEbEk PRS- T T TG T TCACGEGECGETATGTCCTARGTAGCATCTACGCEETCTGTGCCCTEGCTGCGTTE 360
Consensus tttgttcacgggcggtatgtccoctaagtagocatctacgoggtotgtgocctggotgegttg
EF536003 i TGTACCAGA 420
VR2332 i TGTACCAGA 420
VR2332-R BAAGRAT TGTACCAGA 420
Consensus acttgcttcgtcattaggtttgcaaagaattgocatgtococtggogotacgoghgtaccaga
EF536003 ACTTICTICTIGG GCBGACICTATCGTIGGCGGICGCCIGICATC 480
VR2332 "AAC'ETTC:TTC:TGGBC:AC:TERFFFC GACTCTATCGITGGCGGETCGCCIGTCATC 48
VR2332-R GCAGACTCTATCGTITGGCGETCECCIGTCATC 480
Con=sensus tataccaactttcttctggacactaagggc gactctatcgttggcggtcocgeoctgtcate
EF536003 T TT TC GTCATCTGRTCGACCICA TTIGT 540
VR2332 T TT TC GTCATCTGATCGACCTCA TTGT 540
VR2332-R  MReleNe8ss) BRAGTTGAGGIC m TCHTCTPHTCFHCCTCEEEE .n TTGTG| 540
Consensus atagagaaaaggggcaaagttgaggtcgaaggtcatctgatcgacctcaaaagagttgtg
EF536003 T C CRAT TCETICC 600
VR2332 GTG C CRAT TCGTCC §00
VR2332-R A T BGA CGGAACAAT TCETCC §00
Consensus cCcttgatggttcocgtggcaaccoctataaccagagtttcagoggaacaatggggtegtect
EF536003 [ §02
VR2332 TA §02 . .o
vazazz-z N e Fig. 3. Results of multi-align-
Consensus ta ment of PRRSV ORFS5 from NGS
analysis.
Table 1. Mean percent nucleotide identity and divergence among a XF
=
the whole-genome sequence of PRRSVs
Percent identity =] o o OFS =10
B2 Aghe] AW SUsHE chka WU o
i = o =L =z = ol E
Divergence 1 2 3 4% FYshs B % skt 3 Sol 9r)A
o d =L 1 = =3 [e]
1 99.5 993 1  PRRSV (EF536003) & EH3lE= A4 F=2 PCRE 53 EA 4R+
:» P32 PRRSVIVRZ) g T F @VIMEE BAse BHoR AE
3 0.7 0.5 3 PRRSV(VR2332-R) _ o J o1 HH HAF= o
1 2 3 = Zlo] dutAolth 1 olff= iR A5 &
= o =2XZ35 O
AA7E AejA e SE&S FHAke] A7]= 1 kb
o =)
Arol7] wiweo] AA FrIAE 24 WRew
T Sutt AAE EAtKSanger 5, 1977; Yi &,
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&
\,‘\' Library Template DNA
§1 ' - (5 y [ 5 i : = | Data Analysis
;\\ reparation Preparation Sequencing

DNA/RNA Massively parallel

?}ﬂ

"

7 ; = = Fig. 4. Workflow of next gen-
Prepare Clonal Isolate Positive lon Sphe Load Chip Data eration sequencing (NGS) analysis
Library Amplification re™ Particles and Sequence Analysis

(http://www.thermofisher.com).

Wafer
Semiconductor Manufacturing

Chip

Semiconductor Packaging

Sensinglaver
Sensor Plate

AV FEeTEEC. Fig. 5. Sensor, well and chip ar-

Bulk [] Drain [| Source chitecture of next generation se-

SiliconSubstrate Single Sensor Millions of Sensors  quencing (NGS) analysis (http:/
Chemical to Digital Sequence Semiconductor Design www.thermofisher.com).

2013). < Zolgt= HollA Al =it A Aol A &

Jy FHE fER B Ve H o oAzt v} Zro] PRRSV % ¢7|Ad Zol=
o] thEre] SR E/\] oﬂ BHAE 2= 9l =HA] VR23327} 15,185 bp, VR2332-Ro] 15,184 bp2 Genbank
2203} Hofo|AE 2ZHA Tgo| Ho] 7l Q) o] =25 PRRSV VR2332 (Genbank No. EF536003)2]
S=o]8t Hof T4l WUA 72 HA AR Z7)7F 15,182 bpol| vl al @7|AFe] WM3trt YERsiTh o
PRRSV7} 15,000 bp A Z 0|1 thAat+o] 4,600,000 bp = 5 vo|HAE Eofutol AgAo|A Adiujer

2 32

Aeds nHd o V& PR AT HEH sy A SEAAE T BF AVIAE #Et
oﬂ/q o]e]go] wobrh dold 4= AE AT 4= AUSTKFig. 1).
Aol A g NGS E492 olgfe EAE @A PRRSVE A817] flsfA= +2 ORFS
1;171] HAT 4= ARUTE NGSE o gsto] a2 M AR f7IAEE BAsk=d o1& 3l w4 f
ol7F dojuf 71&9] Hiole Aot UG Atolzk 9L W Hpo|ATF ZAIH AL A whetd oyt 1)

l

of 4% Wo| 7S &elsty] 9l niol2i~o] A =@ AA FHPJAE Hes] o
2 71 FE 2L 317 1HChan £, 2015; Lee =, Higo s g st =t
2015) ribavirin Z-2 gHlo|H AA| A o] keZE o] {4 A2 AA d71XE Aol A ORF5 =
A ®ol7h 8 PRRSVE 542 wpofshe A+t gsto] £4& & 4 glem(Fig 3) o&
(Khatun -5, 2015) 5ol o] &=H 7]&9] d7IAE & 19 7id Bl 7hEstek

Aol wls] ThAb] @ fHA ARE dS 5

(¢}
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EfX|MALD | 557 | BSE2H0|Y APRRSV)Q] MAH SHMA| 217|MY(whole-genome sequencing) BAIS Q[st XML E7 MY BAMHo| sl 47

short reads datat}il F 2=t
B X o= de novo assembly?} re-sequencing T 714
A wrol slek. o] % 7h whe] Aol ulma
tiAtel reference sequence’} Q=% 2] o] Ho|t}. re-se-
quencing £-4-2 E A Lo A XY reference F7]AE
< 7|22 2 NGS read 55 Bo7MHA HE 27
k3] 7}= Zl(mapping)©] il o]oﬂ vl de novo assem-
byt R ALl ol st 9g ) EE
BE Wot by Ao FasE 44
) oA 9% HY BHES Wol Fu AR
AR e Hobr] MRS 71 A4S A Lot

olF o] &% A7IM<E

= Wolth & AFoIA % de novo sequencingS 3}
R A A VR2332&= 1709] contig WHH, VR-
2332-R& 87h9] contig® EAEQc} o]& o] L Hf
W EE FEOE BE readE59 mapping®] SUA
= Assembly ATE A7 w11 zHzho] G-Az}o] 7|
5ol Gt Flol o5 o]+ annotation¥}
AL vz H GenBankol| SE% Axt 778 el o
NNEE AAL Fig 13 2 1Y el Ake
2 2 gt ol o3 WEeld @rAY A
T olgatol TiE @To] B8 5 Uk

NGS #v] 714 238 #8]¢l Ion Torrent PGM T
0] 200~400 bpe] 2h2 THHEZ 1 o= 24017
wzofl At 2ol A KA 2 fg% = de
novo assemblyZ A&} Sz} A7|AE A= A

o gtAI7} ttal stiTiDa Silva Santosﬂ Rodrigues,
2015). Z1euf = AtAaol A9 15 kb dolo)
AAS 2= PRRSVEE Zro] AREA QL Alto] H]3]
oAzt Zol7} Aoz BO Ao K up
of 2] At} o] contigZ} 27lol A4 871 Atol2 4
A assembly7k 71557] il olel EAIS wws)
A golw @ Aoz AzhEn,

NGSE ol 47 A W7IAL Bl glof Azt
3 ulgol AR BT Bt Ak B4 AT
o] A A8 ark glAv “]*‘-’L‘ﬂﬂ]/ﬂ ]
HApm B AFo| ARSE F7H g2l 316™ v2 chip
(Life Technologies, USA)S 7|&Fo=2 G714 E A=
T2 1 GbE tiF+ 7|& A AA dolg o
2F 5,000,000 bpetil AAFS: W o]ZA o= 2007<]
FHE FAO BAT 4 ek Tt ol WAL
FAl g O] d7IAER HES WE 7HEE Aol
B g 2853} coverage depthES &Sk 10~2071 9]

;

E

A#e Aol £45H Zo] e aoltt. Hhole
o 79t & Aol A3 PRRSVE o2 SW

KA} AolE tj=F 20,000 bpetil 7T W 5,0007] <]
PRRSVE FA]9) 218 4= 2O} coverage depth=
3} 100~5007] 2] PRRSVE 3t oA A2 &
S ook w3 @ ARE FAC) £4E T 5 A
L= AL njo|glA A7 F2v|F o 44 o=
vpEEg B 4 9] fEold

3 712 Q714D B4 el s NGSTF A
At 9l 2 oblth NGS £4 o] ngako] &
A %E—ﬂ. HH%Oﬂ BA = ﬂEﬁPE} % E}au /\IE

=
Shie PRRSY A1 4] 32 ia}% e
4 Bk Hejs) Rsle oleAg FAlo] B4
sho] PRRSVO] §414 Ei olshs] S48 BAs
gmo] Ao AITh EE A7 BAL 9

DNAL RNA & ©Ao] Al Fo5 7]&ofoF
Shedl Qubdel 9714 F £48 §1% DNALE RNA
FERG I SRS 278] g ojof it ful

254 god 3 el ASE ok She A9
B2 % ook TARTE Hze Adel ool
She BAE ol 7129 @749 B A

% %lel FASTA 3ZwWio] o} FASTAZHo| base?]
quality7} 37 Z3+El FASTAQ ZW, 7|29 align-
ment formati} th2 SAM (sequence alignment map)it:
o 3l SAMUM S binary2 HER BAM 3 5 Al
2w Ego] #go] Way B ohet CLC
Genomics Workbench program (CLC Bio, Qiagen,
USA) 22 A2e LRI 288 4 glojof Ttk

2] FUjol AL PRRS 274 915 A leke] 37
o} AL 33511 QlchKang 5, 2014). 0|2 9I3
A A% 9 Ko elo] ake] AR Held
chopgh Wlol PRRSVE] Ak £4 At Wi
sty 2 A4 A5e NGS 7199 &g-o] uj
S mbaole} ek

N
rhu

A Q714D B4 AAR NGSE ol
PRRSVS] A% 24 7149 24 Wl 2e}
7] Sl AN ARE S 2F9] PRRSV (VR2332
4 VR2332-R)E 43t & GenBanko] 555 97]
A &(Genbank No. EF536003)7} B]ist A7} VR2332
9 VR2332-R X5 reference2}2] AWHEL 100%,

VR23329] Z|A coverage depth= 3, Z|t} coverage

Korean J Vet Serv, 2016, Vol. 39, No. 1



48 =& - ool FHE - A

[0

=

s

ol .

o2
o

26 - 2014 - 5N

depth+= 23,012 18|31 Hot coverage depth= 14,297
2 3159 © 1] VR2332-R-E reference sequence?} |
4~ coverage depth+= 3, Z|t}] coverage depth+= 41,348 1
2] HF coverage depth= 22,712& 3] ZQch ®
3l PRRSVO] WHo| &JiLo]| =2 o]& 5= ORF5 H&

A71A Gl et 35 BAE R8T A 7129
A71ME EAEES AT 5 A2 Q%ﬁ}‘ﬁq ot
2h4 NGSE |83 PRRSV A& G4 2ame

AZEat Blge] ARG B &
o GRS AP Aneld gAY HIT dolE
PRRSVE] &2} BA ilo] & &
Aol ARL o9t

212 T A

7I-A|.9_ =1
2 A7e FHSARER AT/
(T2 3 313005-3)2] 2ol o8] o]F=o]A A

REFERENCES

Albina E. 1997. Epidemiology of porcine reproductive and respi-
ratory syndrome (PRRS): an overview. Vet Microbiol
55: 309-316.

Ansari IH, Kwon B, Osorio FA, Pattnaik AK. 2006. Influence of
N-linked glycosylation of porcine reproductive and res-
piratory syndrome virus GP5 on virus infectivity, anti-
genicity, and ability to induce neutralizing antibodies. J
Virol 80: 3994-4004.

Baron T, Albina E, Leforban Y, Madec F, Guilmoto H, Plana
Duran J, Vannier P. 1992. Report on the first outbreaks
of the porcine reproductive and respiratory syndrome
(PRRS) in France. Diagnosis and viral isolation. Ann
Rech Vet 23: 161-166.

Cavanagh D. 1997. Nidovirales: a new order comprising
Coronaviridae and  Arteriviridae. Arch Virol 142:
629-633.

Chan MC, Hung TN, Kwok K, Chan PK. 2015. Complete
Genome Sequence of a Novel Recombinant GII.Pe
GIL.17 Norovirus Strain from Hong Kong in 2015.
Genome Announc 3: e01338-15.

Chinault C, Song XZ, Liu Y, Yuan Y, Nazareth L, Qin X, Muzny
DM, Margulies M, Weinstock GM, Gibbs RA, Rothberg
JM. 2008. The complete genome of an individual by
massively parallel DNA sequencing. Nature 452: 872-
876.

Collins JE, Benfield DA, Christianson WT, Harris L, Christopher
Hennings J, Shaw DP, Goyal SM, McCullough S,
Morrison RB, Joo HS, Gorcyca D, Chladek D. 1992.

Korean J Vet Serv, 2016, Vol. 39, No. 1

Isolation of swine infertility and respiratory syndrome
virus (isolate ATCC VR-2332) in North America and
experimental reproduction of the disease in gnotobiotic
pigs. J Vet Diagn Invest 4: 117-126.

Da Silva Santos AC, Rodrigues J. 2015. Draft Genome Sequence
of Shiga Toxin-Producing Escherichia coli Strain
D92/09. Genome Announc 3: e00805-15.

Kang HW, Oh Y, Song JY, Choi EJ. 2014. Survey of porcine re-
productive and respiratory syndrome (PRRS) on pig
farms in Andong and Hapcheon region. Korean J Vet
Serv 37: 11-18.

Key KF, Hagshenas G, Guenette DK, Swenson SL, Toth TE,
Meng XJ. 2001. Genetic variation and phylogenetic anal-
yses of the ORF5 gene of acute porcine reproductive
and respiratory syndrome virus isolates. Vet Microbiol
83: 249-263.

Khatun A, Shabir N, Yoon KJ, Kim WI. 2015. Effects of ribavir-
in on the replication and genetic stability of porcine re-
productive and respiratory syndrome virus. BMC Vet
Res 11: 21.

Kim JY, Lee SY, Sur JH, Lyoo YS. 2006. Serological and genet-
ic characterization of the European strain of the porcine
reproductive and respiratory syndrome virus isolated in
Korea. Korean J Vet Res 46: 363-370.

Kweon CH, Kwon BJ, Lee HJ, Cho JJ, Hwang EK, Shin JH,
Yoon YD, Kang YB, An SH, Kim YH, Huh W, Jun
MH, Wensvoort G. 1994. Isolation of porcine re-
productive and respiratory syndrome virus (PRRSV) in
Korea. Korean J Vet Res 34: 77-83.

Lee S, Kim Y, Lee C. 2015. Isolation and characterization of a
Korean porcine epidemic diarrhea virus strain KNU-
141112. Virus Res 208: 215-224.

Neumann EJ, Kliebenstein JB, Johnson CD, Mabry JW, Bush EJ,
Seitzinger AH, Green AL, Zimmerman JJ. 2005.
Assessment of the economic impact of porcine re-
productive and respiratory syndrome on swine pro-
duction in the United States. J] Am Vet Med Assoc 227:
385-392.

Pesente P, Rebonato V, Sandri G, Giovanardi D, Ruffoni LS,
Torriani S. 2006. Phylogenetic analysis of ORF5 and
ORF7 sequences of porcine reproductive and respiratory
syndrome virus (PRRSV) from PRRS-positive Italian
farms: showcase for PRRSV epidemiology and its con-
sequences on farm management. Vet Microbiol 114:
214-224.

Rossow KD, Collins JE, Goyal SM, Nelson EA, Christopher-
Hennings J, Benfield DA. 1995. Pathogenesis of porcine
reproductive and respiratory syndrome virus infection in
gnotobiotic pigs. Vet Pathol 32: 361-373.

Sanger F, Nicklen S, Coulson AR. 1977. DNA sequencing with
chain-terminating inhibitors. Proc Natl Acad Sci U S A
74: 5463-5467.

Seo BJ, Kim H, Cho HS, Park BY, Kim WI. 2016. Evaluation
of two commercial PRRSV antibody ELISA kits with
samples of known status and singleton reactors. J Vet



EfR|MAL | 557 | Z57H10|2 APRRSV)S| ME SHA 47|AM(whole-genome sequencing) 2A1S 95t RIM|CH &7|MY EMHol &2 49

= 2 THe

Med Sci 78: 133-138.

Wheeler DA, Srinivasan M, Egholm M, Shen Y, Chen L,

McGuire A, He W, Chen YJ, Makhijani V, Roth GT,
Gomes X, Tartaro K, Niazi F, Turcotte CL, Irzyk GP,
Lupski JR, Chinault C, Song XZ, Liu Y, Yuan Y,
Nazareth L, Qin X, Muzny DM, Margulies M,
Weinstock GM, Gibbs RA, Rothberg JM. 2008, The
complete genome of an individual by massively parallel
DNA sequencing. Nature 452: 872-876.

Wills RW, Zimmerman JJ, Yoon KJ, Swenson SL, Hoffman LJ,

McGinley MJ, Hill HT, Platt KB. 1997. Porcine re-
productive and respiratory syndrome virus: routes of
excretion. Vet Microbiol 57: 69-81.

Yi SW, You MJ, Cho HS, Lee CS, Kwon JK, Shin GW. 2013.

Molecular characterization of Aeromonas species iso-
lated from farmed eels (Anguilla japonica). Vet
Microbiol 164: 195-200.

Korean J Vet Serv, 2016, Vol. 39, No. 1



