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Abstract

Enterovirus 71 is a neurotropic virus that causing hand, foot, and mouth disease (HFMD) with
occasional complications of central nervous system. The EV71 have been responsible for several HFMD
outbreaks in Asia-Pacific region including Thailand. Because lacking of a suitable small animal model, the
progress in infection biology of EV71 is still limited. This leads to dampening of the development of effective
drugs and vaccines. Therefore, this research project has been aimed to study gene expression profile;
transcriptome, in brain tissue of mouse model in response to EV71 infection to gain insight the pathogenesis
mechanism. Preliminary, there were several attempts to generate mouse-adapted EV71 strain by serially
mouse brain passage but they were found to fail. However; instead of the mouse model, it had been shifted to
employ human neuronal cell lines which susceptible to EV71 infection for studying transcriptome using RNA
next-generation sequencing (RNA-Seq). Among the selected cell lines, SK-M-NC showed a distinct virus-host
interaction by suppressing EV71 replication. The RNA-Seq results demonstrated differentially expressed
genes between EV71-infected SK-N-MC transcriptome and non-infected SK-N-MC transcriptome. There were
up-expressed 4,533 genes/transcripts and down-expressed 4,916 genes/transcripts. Among these, 2,028
transcripts were novel. The gene lists were subjected to gene ontology analysis in order to categorize and
correlate them into the involving biological pathways. The data obtained from this study potentially reveal the
infection biology of EV71 in a neuronal cell which needs experimental validation. The gained knowledge shed
light on the study of molecular mechanism of EV71 neuropathogenesis which leading to the development of

effective treatments and vaccine as well as the discovery of a biomarker for diagnosis or monitoring.

Keywords: enterovirus: 71 (EV71), hand, foot, and mouth disease (HFMD), in vivo gene expression,

neurological complications, transcriptomics
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Executive summary
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2. J8nAa Han1ImMAand agtluazdansninanimeses uardeianauuzdmiuanuideluauime

2.1 naNzRE Uz B asTe EVT1

ﬁ’m’lizﬁl’\‘i%m%@ EV71 genotype A mﬂﬂﬁu@( BrCr N2l VR-1775 11a1N American Type Culture
Collection (ATCC) uazldunize EV71 genotype B5 ?ﬁ\ivl,ﬁmmmy,ﬁmzﬁmn ALUN.EN 799999904 ADUY
wnneAnans ainaensiunIINe At EVinnnsnZIAEN EVT1 Taged genotypes TEad human
rhabdomyosarcoma (RD) “tNeILaa ATCC/CCL-136 a8l standard operating protocol [51’134“7% WHO l8iuuziin
13 (Andaenden1edanIngssiu 2) eadRndaRanensanin (cytopathic effect; CPE) 4nnndn 90% (gﬂﬁ'
1) Ay culture supermatant Tasninlilfmadanfiauidasan 12,000 x g uaan 10 Wil ﬁqmuqﬁ
4 °C anniiringeamandulanutafiuldnaen microtubes L& lALT -80 °C dwitin 11 unmaaes
mald

¥
a I~

gﬂﬁ 1 (A) aneniy Cytopathic effects (CPE) 489 RD cells RnLTe

EV71 genotype A, strain BrCr 1&un cell
aggregation and detachment. (B) RD cells tsnfif lsifinmeafansniziuginszans

sldnaannndas inverted light microscope MNAIBENEIENFY 50 Wi


http://www.medicinenet.com/script/main/art.asp?articlekey=2378
http://www.medicinenet.com/script/main/art.asp?articlekey=2378
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2.2 ﬂﬂﬁ‘ﬁ]i")"){ﬂlﬁ‘ﬂﬂmﬁ@ EV71

VINNN9AFIAILATITINTTNNNTE EV71 @8995A8 NNIATIANUIRAIUIN COPY NUMDErs TBIRITNUGNITH

EV71 fiael gRT-PCR Uazn15m39adn infectivity 109 aA22Ran13%1 median cell culture infectious dose

(CCID,,)

2.2.1 EV71 gRT-PCR

171Wm‘m%?"]\‘imiﬁuﬁqm‘iummﬁ’mmﬁm Recombinant plasmid N cDNA 2249 VP1 encoding sequence

Faiflu EV71 capsid subunit protein iaxAngt] 1a38n91 pTZ5R::EV71-VPT plasmid 11 pTZ5R::EV71-VP1 15

AnANENT1LRN 10-fold serial dilutions annsuinlluaniy master mixture: EV71 primers [aanuuvlng J.

Puenpa, et al. Arch Virol (2011) 156:2007-2013] One-step Brilliant SYBR Green RT-gPCR kit (Stratagene)

1dLesad real-time PCR (Rotor gene WAz Excycler) altlsingau PCR wiau Melting curve analysis (gﬂﬁ 2)

Reverse
transcription
Initial
denaturation

Thermal cycle

Melting curve

analysis

42 °C, 60 min
95 °C, 10 min

40 cycles of

Step 1; 95 °C, 60 sec

Step 2; 55°C, 60 sec

Step 3; 72°C, 45 sec

Acquiring fluorescent signals at step 3
From 60 to 95 °C, 1 °C increment, Hold 45
sec

g1 2 Tusunsn Thermocycling Wi Melting curve analysis 189N153LA AN LTNUA398UgNTIN EV7 1

TneA% One-step qRT-PCR (EV71 qRT-PCR)
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11A1 threshold cycle (C,) N1#a1n amplification plot fUEx104 copy numbers 199 pTZ5R::EV71-VP1

o

Fasuanan predicted molecular weight 1& mnﬁuﬁ%wi@z@:zﬁﬁmm C, uaz ANAUWINL copy number 11/
@314 standard curve 284 EV71 qRT-PCR WU31A1 C, 984 pTZ5R:EV71-VP1 # dilutions pin9e] WA N AN
LUULERA T TN SRAUAI AT copy number (R2 =0.9985) a8l reaction efficiency (accuracy and precision)
Winiy 94% (gﬂﬁ 3) AIEIN1TDUN ondunadunsa 141U A nudiaundy Lﬁﬂmﬂ?ﬁmm%\‘iﬁu@ﬁ (absolute
count) mﬂmwﬁuﬁqnﬁuLﬂ’mmﬁsluﬁazﬁqr;m@ié’ (copies/mL) Guduann nnsaia EV71 RNA a0 culture
supernatant #9e TRIzol™ reagent (Invitrogen™) ANNATLLEHINTBLBENENAR A1nn191i1 RNA Tilngaatnsned
UTN0U copy numbers #2838 EV71 qRT-PCR #A4nana w90 Faetneiinunnsmann EV71 SiBunoans

o

ugnasnlafawiniy 2.8 x 10° copies/mL tunnuansiugnasulada EV71 Aniganinléme 6.6 x 10° copies/mL

q
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A B
107
% /
107" A
g 1™ ;
2 Threshold| / 4
E . 2
S 1074
10
10° : : : : :
5 10 15 20 25 30 35
Cycle
c D
Colour Name Peak 1 Cy Copies
pTA:VP1 10°-1(84.2 8.64 6.6x 108
0] pTA:VP1 102 (84.2 11.55 6.6x 10°
. pTA:VP1 10%-3 |84 15.08 6.6x 104
. pTA:VP1 10"-4 |84 18.47 6.6x 10°
. pTA:VP1 10-5(83.8 22.36 6.6x 107
. pTA:VP1 108 [N/A 25.94 66
- - - - EV71BrCr 84 13.05 282,697.54
A001 1000 1001 10002 10003 10004 10°05  10°0B
Concertration . NTC N/A 38.50 0.01

g‘dﬁ 3 Na EV71 gRT-PCR ﬁ’JEILﬂdﬁi'EN Rotor geneL‘ﬁ@m%"’]\‘i standard curve a1nAN threshold cycle (C)) mé’fﬂ’m
10-fold serial dilutions 489 pTZ5R::EV71-VP1 AUANAUINL copy number LLATHNA EV71 gRT- PCR 184
EV71 stock

A, Log-plot amplification curve

B, Melting curve (-AF/AT)

C, EV71 gRT-PCR standard curve

D, A139a3LA" C,, melting temperature 284 PCR products Wa¥A1 copy numbers
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2.2.2 Median cell culture infectious dose (CCID,,)

I&vinn199aLBunns EV71 Taedn infectivity dose fiu RD cell monolayers ANsAguLE1N184
WHO (Polio Laboratory Manual, WHO/IVB/04.10) G‘uﬁu@ﬁmm?mu 10-fold serial dilutions 1849 EV71 stocks
aniurinusiag virus dilutions 15anms 100 L TliAnaglumquaes 96-well tissue microplate 31191 8-10 galu
WAALNA (8-10 replicates 189U6a% dilution) mn‘&wﬁm RD cell suspension (1-3 x 10° cells/100 L) asluusias
van taefivauilin culture medium U RD cells iflu negative control anmifusiinanliiud 37 °c co,
incubator fwaan 72 Falua EraumadEng sterile PBS W&niial ice-cold methanol e fix wiad fhinan 15 1l
aatadudasiansiaa@ crystal violet (0.01%) iledanm CPE ﬁ@ﬁmmaﬂmmmmLma‘@@nmnmmﬁ‘@
WRsLiftaufu negative control iU uumgaiiin CPE udatinanillglfuanim COID,, maAaaas Karber

6.25

WU EV71 stock Mumageuiifzunulada 10°%°CCID, /0.1 mL (gﬂﬁ 4)

Dilutions of virus stock

10* 10° 10° 107 Negative

51 4 1Funaulnga EV71 Ndmsinenaun CCID,, lu Rhabdomyosarcoma (RD) monolayer cells mm“luu@uﬁ
\in CPE \Hiaaunannnsiinite EV71 azugasauainiumguin Wiiadudesiraniandadensosd

crystal violet Tuanizrad AnEe (ngu negative) wulaflutlsnmvinlidanmndinriagy
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2.3 1134519 |T9 EV712<H$;|W‘LM§: mouse-adapted strain Imeida serially brain passage

o pRp 4.9 S qw

111 culture supernatant 189 RD cells il EV71 genotype A U3u1n4 10 CCID,, fam‘mwwmm 1-day
BALB/c mice $ais181971U91 susceptible fan1shialia EV71 (Liu M-L., et al. J. Gen. Virol. 2005; 86: 3263-69)
Tpean i @aLd1n4 intramuscular WAALAUNINLLL axonal retrograde (Chen C-S., et al. J Virol 2007; 81: 8996~
9003) indanasiinen i non-virulent parental EV71 U5usiaidiniu brain tissue 109MYNARBIUAZHAIITHIUII
Tunnsrielsalunymaaasiinau (Wang YF., et al. J. Virol. 2004; 78: 7916-24) aniuariin RNA a1n brain lysate
fngl TRIzol™ reagent a1 limsaaaeumansiugnssuaesde EV71 tagds gRT-PCR wazun cell culture
infection dose 50 (CCID,,) Wud@anand M s intramuscular A13130LAUNTUANEILAZA AN L FILETUN
5 LAY 7 %a9n199A (post inoculation) wazizumaalinuludui 14 post inoculation (U 5) a1niuin brain
lysate Aananaly innoculate &4 RD cells lVaLANLEN04ETAA1N brain passage 1 1 nauanlinynaasssiedn 3

% 1;" 1 % '2“ a % o 1

passages lng/lf1Ta199 passage nountiNIzaIn RD cells an iyl passage fa'li wudnluyn passage
¥ . , . “ e A oy X
\9€l9AY non-virulent FauynAaesAauynaaednlALTe lluansan1mmiszuulszamlacay wiide EV71
pananadena virulent W RD cells ogf Tansuldainnish CCID,, 1ev1@asia RD cells faadlainanuuilas

=

uananiwudn faust passage 7 4 usiuli e EV71 #aadinag intramuscular liRunistiuanasiag §aqaas

o

Ilaeunnlduy nude mice/BALB/c Taifluanaiugninanuunnieae)lAniugiia T uaz B cell responses

q
'

TnaEusiuaIndeny nude mice/BALB/c 21 3 ALn19in1a N1 dndnaaequiiaans A1a1e uRnuAzIaeNT
AutdndmasasumanedesssuAaasiilunan 1 anviaed antiuilewlifiugn cyclosporin Ugunm 1 mg Aasierii

o

Lﬂmmmmfmﬁ@ﬂmqﬁﬁmwﬁ\mmwmmmiﬁﬁmL%@fﬂfﬂﬂmm"wmﬂﬁﬂﬁﬁmL%@d’m'%u (Sazaki K., et al.
Microbiol. Immunol. 1992; 36: 1061-75) antiuanlida EV71 brain passage 3 U5anns 10°° CCID,, dimns
intracerebral wisann e ludaviletu 547 2 uaz 3 Mnnsaaia EV71 Punm 10°°CCID,, Wnna tail vain
wiauruilauliiiuen cyclosporin Funmennafliunainiumdsaniizeaausn antisinnnsueanizeaann brain
lysate, hind limb muscle lysate WAL heart lysate {p8IN19 inoculate a3 RD cells Tmﬂﬁwudﬂﬂmm?mmm%@

aanunlAaedsdanndadiuNg EV71 gRT-PCR M l#uaau

10



wnanstnile Fswmeunsnenliiuaym

M Pos 1 2 3 Neg

500—

gﬂﬁ 5 EV71 gRT-PCR products (@nﬂ@%) AN brain lysate #fAA1N infected 1-day BALB/c mice

ATIRADLIAYY Agarose gel electrophoresis

Lane 1, EV71 gRT-PCR products A1n brain lysate mﬁmmﬂmmugmwﬁﬁm EV71 @919
n&nie (i.m.) udn 3 34

Lane 2; EV71 qRT-PCR products 1N brain lysate ATAANANSINLANEUAIRA EVT1 dnng
nénuie (i.m.) Waq 5 31

Lane 3; EV71 qRT-PCR products A1n brain lysate aAAMNANBIMYANEUARA EV71 14119
nénuite (i.m.) Waq 7 34

Pos; Positive control

Neg; Negative control

M; 100-bp DNA ladder (base pairs; bp)

11
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2.4 naAnmANaImsauazgluunlunig Replication 1ei@a EV71 T
human neuronal cell lines
\asanliannsnmilantin1vilie EV71 genotype A @nasiug BrCr U3usiauaznalsalunynaassls nn
RAvasdndulanasuunAnsnisasuulasaeinisuanieanueddusziu mRNA (transcriptome) dutflunann
anNMIRaLauassiansiinmge EV71 iatuluaaslssamuystaiiamiziags (human neuronal cell lines) SK-
N-MC neuroepithelioma W&y SH-SY5Y neuroblastoma e lfidnlanszusunisnasnniiinveqiieitiassuy
szdmdaunarsdudunaniannnisisdialfaieumals 71 lnelfdasunnldidie EV71 genotype B5 daiflu
o oo X a gy o X a RPN , , o Ay
angRugiLenInIzaeENEIAanAsdnsatesauldiiasis ineidaanimsscuulssamdaunasaniulsaiowin
11n @eyaann A.un. g4 A42999500) anvasaliasunnldmalulagdugandn microarray A2 RNA next-
U 1) o y
. . = . X ¥ R Yo = . . . . ~
generation sequencing (RNA-Seq) Tun1sAn transcriptome dassuadlaninisdns replication kinetics 7
TIUIAFIN9) ga94@e EV71 1 human neuronal cell lines fananqiiauiu RD cell (positive replication control)
Tnaielinsudeyanuguidesfunesiunginssueade EV71 Tuaadiananaienisinguluanaununis
naaesludunall
BRAUAINTINIIALY SK-N-MC SH-SY5Y uaz RD cell monolayers lungu 24-well cell culture plate a1

TAANmLULR I AR AaNLN LT 80-90% anniunnlfimadfnliaanuaw 1 multiplicity of infection

[
=

(MOI) Tagins incubate Auideiduaan 1 GaTue aniugm inoculum Aanaaie d1slaFadounlails adsorb )
Augadeanilinanisdnafaaisazanaivilas PBS d1uau 2 afa udaiinemnaneaaasnaudildlungs

o

el s madlUudn replicate TwSenfufuagisdautiifnanuauiuszazioan 13 5 7 uag 10
Faluannendansinige (hour post-infection; hpi) ‘Emmzﬁ;mﬁﬂmiﬁ@ﬁ?mmﬁmu 10 hpi N9Y anuRaEnEae)
QN 7 hpi 5 hpi 3 hpi AT 1 hpi ANAAL ImmwﬁmiﬁmL%famawmmunﬂﬁwmmw%@u ANty cell
culture supernatant NaNAU TRIZol reagent aaria EV71 RNA AN released virions d1uiumsaadnisunn
extracellular EV71 RNA copy numbers #2¢73 qRT-PCR FaRldnanaluviadie 2.2.1 daw cel monolayers fuA
[T Fn198n98ae PBS 41wy 2 A%s anild TRIZo! reagent ilegiia total cellular RNA 1fieasadai3unns
intracellular EV71 RNA copy numbers 138 host gene expression level An83D semi gRT-PCR mn“&uﬁwm
mean = standard deviation 284 log10 copies/pl of viral RNA ﬁh\‘ir}i’]\‘iﬂ ‘ﬁlﬁ’]uqmmn standard curve {1 plot
viral growth curve Aaalilsunsu Microsoft Excel (gﬂﬁ 6) wud13duunlunig replication 993188 EV71 lu SH-
SY5Y neuroblastoma cell ﬁgﬂLLuuﬁﬂﬁﬁﬂﬂaﬂﬁuiu RD cells na@1qA% intracellular viral RNA @:L?lll replication
Tug2919a1 5 hpi WAz 3 hpi ANAGL anilugaanan 10 hpi WAz 7 hpi QEAIANLINNILRAALTBY extracellular
viral RNA Ugee/aan1nann SH-SY5Y cell uaz RD cell mudniu wazlsina CPE dae luaniziiansnsonsiany
EV71 RNA Tu SK-N-MC cell uslsiwy replication 1l uazasaalainy CPE (5119 7) #4197 virus-host interactions
fiumansnelilann SH-SY5Y waz RD cells danaliiin1sanasand viral replication tan1zli SK-N-MC cell Faviu

o

AALAARNAN T transcriptome 4 EV71-infected SK-N-MC cell #2¢/35 RNA-Seq WaAuu candidate genes

=Sboe

Hua protective role fANNIAYLANNNIAALTE EV71 Heduatnsnnin1sAnesauiauiy SH-SY5Y uay RD

dl 12 . dld dl ¥ o . . '
lWaAUNN candidate genes NNA1ULALYUA U neuropathology 4 permissive cells e llueuan
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12
SK-N-MC cell
10
< — - - = ’ z
= 8
o
=
=
L 1
B g ntraceliular EV71 RNA
= Extracellular EV71 RNA
g a
o
8
& 2
5
4] T T T T :
1 3 5 7 10 hour post-infection
SH-SYS5Y cell 12 9
10 A /
<
=z - - T - I
— 8 - T -
I~
-
]
o 6 - e |ntraceliular EV71 RNA
% Extracallular EVT1 RMNA
‘a
g 4-
g 5
0 . . . . . ) )
1 3 5 7 10 hour post-infection
RD cell
12 -
=< 10 - /
Z o
o = =
= 8 - _
=
w
k=] e | traceliular EV71 RNA
g 6 1 Extracellular EVT1 RNA
@
=N
8 4 4
=
g
— 2 d
0

1 l 3 ‘ =1 I 7 I 10 " hour post-infection

gﬂﬁ 6 guuuy replication kinetics °]J'|’NL%® EV71 tU 19932812198751797) mw@"\im?ﬁm%@ (hour post-
infection) W SK-N-MC SH-SY5Y uaz RD cells taein1smsaagaiiumansiugnasulada (log,, of viral

RNA copies/ul) sLuzi'l‘té‘?iﬂtéi'a‘El'a'aﬂll’mmﬂL';ijél'ar(extracellular) wazan total cellular RNA  (intracellular) paeiAn

gRT-PCR

A1 mean + standard deviation 184 log,, copies/ul of viral RNA lgunann 2 duplicate gRT-PCR tubes a1n 2

independent experiments
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a

17l 7 n1smsaaaey CPE Ineidd CCID,, (wdeniulusinda 2.2.2) lumad SK-N-MC fiFfiniTe EV71

wlBauieuiy RD cell
o o p L \ X Py 5.05 . o o ¥
AILALATULIY AR dilutions [51’1\‘1“'] AR stock LR EV71 (LG‘N’]MLTNMLL 10 CC|D50) Cl:ﬁEILL[ﬂ@S dilution &1 7
14 (7 replicates)

Negative Aa cell monolayers Nlxlalawtialafa vindn 3 wgw
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2.5 Ann19iLaeuuLa 10401 2UARI09NTRIELILAL MRNA (transcriptome) g4t uNaNN
ANNNNTABUAUBIAENTAAITE EV7T 11l SK-N-MC cells 4933 RNA next-generation sequencing
(RNA-Seq)

ANHANNINARBITITE 2.4 NUTITzE9an 7 FaluanavdanisAnide EV71 lumad SKN-MC iy
izmnm‘ﬁlﬂ?mm viral RNA ﬁdzﬁqu intracellular WaY extracellular aMNAa %dﬁﬂ%dﬁﬁﬂizuqum?ﬂw@m viral
replication ﬁﬂlimu%‘ﬁ‘%ﬁﬂwﬂ transcriptome Lﬁlfam candidate genes pneiAa RNA-Seq
SRELEIRE19 RNA AN NaadRniae EV71 a8Wug B5 MOI iy 1 sLETNAAAEe 7 Falu (7 hpi) WazAIN
cells 7 incubate fBMTAETAFRLNIAEN (mock control) AaagAarin RNA 4113931 RNAeasy kit (QAIGEN)

aniuiaaNdniuiazaunInaes RNA N lisaLasad NanoDrop™ spectrophotometer (Thermo Fisher

o '

Scientific) Ainagine RNA @nnan mock SK-N-MC control (‘}Jﬂﬁ“ﬂﬂfi’] JT1) Fpoudiud 29.6 ng/ul (UTutusau
1.48 ug) ﬁmmu‘?‘zﬂm‘%rm (ratio 0D260/280 nm = 2.27 Waz ratio OD260/230 nm = 2.88) d714F28819 RNA afip

a1n EV71-infected SK-N-MC (2038041 JT2) HAdududu 15.6 ng/ul (UFnousqn 0.78 pg) ﬁmwu?am%:q
(ratio OD260/280 nm = 2.27 wa¥ ratio OD260/230 nm = 1.64) Tmﬁ%\mmﬁq@ﬂ'wﬁﬂmmﬁﬁLﬁmrﬁ”mmmzauﬁ
ALNINTIAIIEH gene expression profile (transcriptome) faeRs RNA-Seq sald

d9F29819 RNA 1415113013 RNA-Seq fiing Clinical Microarray Core, University of California, Los Angeles
(UCLA) dszinAauigaiaiann ‘Emﬁ%umaumﬁmm:ﬁm’mq P!

1. #519A89 complementary DNA (cDNA) Taealaeuann mRNA wiaufudensn sequencing adaptors
filane 5" uaz 3" 989 cDNA Taelld KAPA Stranded mRNA-Seq Kit llumina® platform (Kapa Biosystems)
seinaiunan cDNA synthesis finn3iia dUTPs nli/lugne 2™ strand 189 cDNA Lite marking strand

2. i Bunns cDNA #ael PCR Tneld high fidelity Tag DNA polymerase FafinBuNua Uy
aneRild marking strand fetiuaziludana 1% strand witisilasgnoeasiadnsuiLa

3. FIN9IATZHANFULLATEIAFI CONA aNndaeeng JT1 uaz JT2 laeiAsesdinsnevisnlum
llumina™ HiSeq 2500 system Anwmurn1s3tAsziiAaanu cDNA lifldnauenigegn 50 base-pair (bp) Tne
neAsTEGFLIALRNNZAY 1% strand WWinTy (single-end read) 221iF8N91 1 x 50 sequencing protocol

4. %117 pre-QC AN RNA reads filFanniriesiinas§alud® llumina™ Tatnnsda high noise,
sequencing adaptor, high represented sequences 1%\1 mnﬁfu trim adaptor sequences aaNA1N RNA reads Wa9
Agtinds FASTQ files ﬁUii@g%Ha sequences 189 short RNA reads 4 uaunnnndn 10° sequences Fanils
Aa9eiN9 RNA NAUNNEERSE

FlefRauldsy FASTQ files 7896atng JT1 uaz JT2 Iinimmauaennminin RNA reads anasdas
open-source cloud-based program ‘1‘7;%'@'5’1 FASTQC flu free-program 1sn9lag BasSpace Labs App %x‘il"ﬁ
smslfianisdieya RNA-Seq fildanTaaiasas llumina ™

AINNIINIUABLANNIN RNA reads mﬂﬁ\mmﬁmmqwudﬂﬁ@mmwﬁmmmuﬁ%ﬁﬂLﬁumﬁmm:ﬁ

sinlinanafe HAN per base sequence quality (ALUN NLRIuAAz ARl InANnensials) waz per sequence

q

quality score (@mn’]'mlmLLﬁi@:ﬁ’]ﬁUﬂimﬁQﬁﬁﬁﬂﬁﬂﬂmﬁMﬁ) ﬁ@j\‘i WANAN per sequence N content (3711491

£
a o

famdlalndsaasunsatinnddnnnansialdls) Ann 8nsis RNA reads daulvnjimauanisesarsuiiaadlalng
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'
a

(distribution of read length) 50 base pairs (§U# 8) 411U RNA reads ﬁﬁ@mnﬁwﬂﬂumiﬁmmm (pass-filter
reads) 71AANFI0E1S RNA JT1 waz JT2 81191 17,109,820 waz 10,163,309 ANsA#y A nduldTisunsa
Cufflinks Assembly & DE application (BaseSpace apps TopHat Alignment and Cufflinks Assembly and
Differential Expression) L‘ﬁ@ﬂi‘::ﬂﬂ‘l_l RNA pass-filter reads ‘ﬁIL‘ﬂu over lapping sequences ‘ﬁlm@’m transcript
waanusantdniu RNA contigs ARl (assembly) Tagas alignment gLy reference human genome
sequence Homo sapiens UCSC hg19 (GRCh37) Vunﬂj rﬁ’nmﬂmunn chromosome ‘;T\i‘]_lu splice sites,
introns, intergenic regions LLaE exons %mm sense LAY antisense strands L‘Wlfﬂﬁwum (annotation) Lﬂu%’r] gene
wi3a transcript laginausiugn lunsilfl contigs lalianansarinmnda gene vt transcript ldtuianimauan
(1) & splice sites FlH3muNnTN 1 UM 2) Qﬂﬂﬂmﬁﬂu (mapped) LUATLMUS unknown intergenic region
U reference chromosome (3) 1 exon ‘ﬁloverlap U sense (non-template) strand (4) ﬁﬁLLWix‘iﬁﬁ’]vLﬂLﬁﬂmﬂu
unknown %\‘1 contigs ma"rﬂ%ﬁm \lu novel mRNA/transcript mn{fuﬁﬁ mapped gene 138 transcript %ﬂﬁummn
JT1 way JT2 Anuanudnsae v (merge) Lﬁ“ﬂa%\uﬂu gene expression profile 199 SK-N-MC (transcriptome) %I\‘i
1817891 merged SK-N-MC transcriptome WU RNA pass-filter reads a1n JT1 wag JT2 U9 17,109,820
wae 10,163,309 reads 214190 assemble Tl 26,265 way 25,428 known genes WAL 47,699 Loy 46,498
transcripts ANNANAL LAY merged SK-N-MC transcriptome tsznaudag 26,426 known genes WAL 48,053
transcripts Tmm’lu'ﬁ’]mu‘ﬁl.ﬂu 4,559 novel transcripts (ﬁl’\i’lx‘lﬁ 1) mﬂ&uﬁ‘lﬂﬂmm Cufflinks Assembly & DE
application AUIINNTZALNNTLEAIBBNTDY gene 1138 transcript TaeT1lsunsuaztinanuaw RNA reads 2849 gene
998 transcript ‘L%w] an284 JT1 way JT2 ldisufuanuaumaanueaed exons (kilobase) @'Lﬁﬂu%mfguu
merged SK-N-MC transcriptome i@ 10° read fragments fvhunfiey (mapped) il exon &uﬂ (7891 FPKM
method (fragments per kilobase of exon per million fragments mapped) %l\iLﬂuﬂ’]a‘ normalization ANIATLAL
MIUEARaNTRE Fazuamiaanailu log2 FPKM AN LT AN TUAR 08 NTR SR UAN AN 3L
(differential gene expression) 2211914 EV71-infetced SK-N-MC transcriptome (JT2) WUy un-infected SK-N-
MC transcriptome (JT1) %‘\‘1Lﬂum@u’]“]’mﬂ’]ﬁ‘[ﬁl‘ﬂuzﬁu@\iﬁi'ﬂﬂ’]ﬁ‘a@L%’ﬂ EV71 ’Lumﬁﬂizmmmu'gm SK-N-MC
Ime1inAn log2 FPKM 284 gene %78 transcript ﬁfw] q1n JT2 (comparison) lWisuiuaes JT1 (control) azl@en
ratio log2 (JT2 #1968 JT1) FPKM Fafluen fold-change 184 gene expression lAfIANLAN (+) 143 up-
expression ANAL (-) down-expression A1 0 A8 unchanged WU31H 8,836 candidates i JT2 Avuasedunng
LaaaanIasiuiuanaAsiullann JT1 4uuneaniiy up-expression list @119 4,533 WAz down-expression
list AU 4,916 (AN9197 2) taeutiaantaiiu 3,860 known genes uaz 673 novel transcripts AN up-
expression list #4914 down-expression list i 3,561 known genes WLa¥ 1,365 novel transcripts

agullédn nsfimde EV71 lumadUsyaminnziaes SKN-MC danalfifinnsideuuassesydunis
UAAIBBNTBEU %Qﬁﬂx‘]ﬂ’]ﬁ‘ﬂ’]ﬁﬁﬂ‘]ﬂ’]ﬁi@iﬂLﬁﬂﬁuﬂ’] candidates ‘1’7{Lﬁlmsﬁmﬁ’uwm'ﬁﬁﬁLﬁmmﬂmaﬁm%@ﬁiwu

szamdaunanauaz la1115UA1 biomarkers Wadsslamisanisfaniun135nen wensailem wazn1sanase

5 a & 4 g
anNITunINdaunNanasannIEamanalsaawinlin
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JT1 sample JT2 sample

71 per base sequence quality 71 per base sequence quality

Qualiy scores across all bases Ganger / llurmina 1 3 encoding) Qualiy scores across all bases Ganger / llumina 1 9 encoding)

123456788 1 13 15 17 15 21 23 25 27 29 31 33 35 7 33 41 43 45 47 4%
Posinon in reas 1op)

123456788 1 13 15 17 15 21 23 25 27 29 31 33 35 7 33 41 43 45 47 4%
Posinon in reas 1op)

@ per sequence quality score 71 per sequence quality score

Qusiny stare Garowion over &1 seauEnces Quality stare sribun ovr &1 seautnces
resa P  m m e EEEEBB®E®B®R®:I resa

—_—
R
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2000000] e
e r e m E B EE EEEEEEEE NI
® 23 4567 B 510 12 14 16 18 20 22 24 26 28 30 32 34 36 38 ¢ 23 456 7B 910 12 14 16 18 20 22 24 26 8 30 32 34 Mdsl
Mean Sequence Qualy (Phred Score) Mean Sequence Qualty Phred Score) Sw’]ﬁg
@1 per sequence N content 1 per sequence N content
N corment across ol bases
I B R R R RN EREEERERERERRERRE = o e
=
50
50
&
®
»2 S SSSEESEEREEEREEREEERRERER
~ 22 SSESEEEERESESERREERRERRE
o
%
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jyi S ¥ E I HE S I EEEEEEEEEEESEEEDE,]
jy I I E I IS S EEEEE S EEEEEEEEEEE!]
30
50
20
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wf——————
-
N » ATUNTINA
123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 o q
Positien in rea (op) 123456789 11 13 15 17 19 21 23 25 27 23 31 33 35 37 35 41 43 @5 47 49
Fastien n resd ()
/1 distribution of read length /1 distribution of read length
Distribuion of sequence lengahs aver all seguences. Distribunion of sequence lengehs aver allseguences.

sequance Langm
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) - s-;.lv'ﬂ, ey oo - tonaeN RNA JT : " emnce g :
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(m‘a"N‘ﬁ 1 Zﬁf{ﬂmmﬁmi’mﬁtransoriptome 2189 SK-N-MC

Quantity JT1 transcriptome JT2 transcriptome Merged SK-N-MC transcriptome

Known genes 26,265 25,428 26,461

Transcripts 47,699 46,498 48,053

known 43,493 43,492 43,494

novel 4,206 3,006 4,559

Total 73,964 71,962 74,514

AN5197 2 agUnansAszianua differentially expressed gene lu SK-N-MC finauauassianissin

‘e EV71 (JT2 transcriptome)

Amount of differentially expressed Fold-change pattern

genes/transcripts Up-expression Down-expression
Known genes/transcripts 3,860 3,561

Novel transcripts 673 1,355

Total 4,533 4,916

18
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2.6 N9ANE Gene ontology 184 differentially expressed genes neauduedsanIsRniTe

EV71 a7n SK-N-MC transcriptome

¥ v |

Waliidnlaneaninsinntunialumaslsza1n SK-N-MC dulilunaaInn1snauauadsianismawme

'
v o oA o

EV71 m'ﬂ‘ﬁﬂﬁﬁ’]?’}&l“ﬂﬂ@ (list) 484 annotated genes/transcripts ANTNGNARTZALNTUAAILLIL up-expression

q

'
aa

waz down-expression (AN51499 3) fAszifliann SK-N-MC JT2 transcriptome NANEN gene ontology LAY

AN biological processes *ﬁ‘l,ﬁmﬁﬁmﬁ'aﬂ PANTHER gene list analysis tool (http://www.pantherdb.org/)
mnmﬁmmzﬁmmlﬁm%@wm annotated gene/transcript lists mqmjuﬁﬁ@zﬁumnmmmmmu

up-expression Way down-expression AU cellular biological processes ﬁhx‘i"] Wudﬁﬁmm gene/transcript lists
Hgtununisnszanasaassanuiuiiuluusias biological process ﬁmﬁwqﬁu anifuiiin genes fiRendesiy
cellular component organization or biogenesis WAL growth processes wuLaniz i genes/transcripts ‘17{@?;:6114
up-expression list LVi’W‘&u %ﬂﬁﬂﬁﬂﬁﬁ\w’]ﬂﬁﬁmmﬁm genes/transcripts 184 differentially expressed gene
candidates Aal biological processes udnfvAsdiasAnsiiteigaduniumuazwiniiaes candidates manHiNg
AadiiusRenTinge EV7 1 ludgadlizamedinels delluewan maramarudusiuglu pathways AN

I3

TnaanAe KEEG analysis tools {usiu sauiunanismasesiveigaltiudusiall deslaminldiuiaanisinaanug

2
=1

A o ' - o = 2 o o A o a o a
Wimﬂw%u’]m@ﬂ@ﬂvmil'ﬁfiﬁ‘@gﬂLL']_l‘]_lﬂqii‘ﬂﬂq@uﬁ‘qﬂﬂ\?')ﬂﬁum@qﬂq?ﬁ?ﬂwqﬂiﬂﬂ@\?ﬂuﬂqﬁ‘mﬂLm@ EV71ilazanig

unsndaunaLlszan s

|
[ Y «

oAl A ld g udeyn Interferome  Guifhuia3aaiiafil4iiAs e transcriptome 184ngH genes i
Lﬁmﬁumm@mummqgﬁﬁmﬁuﬁi@%ﬁ*@ﬂnﬁmﬁmﬁqmLwﬂ'ﬁ%ﬁm (anti-virus innate immunity) 1A type | interferon
(IFN) 1naLAgneyt differentially expressed gene list Lﬁ@@mﬁ‘m@u@u@wm type | IFN Tweradlszann SK-N-MC
slansinide EV71 wudn afa EV71 Siaanuanansnlunisnanisuanseenaesinly type | IFN pathway 114 SK-N-
MC 15Lﬁ@uﬁ’ﬁuum LLﬁiﬁﬂﬂ?:"&u SK-N-MC fiffafl alternative activation pathway ﬁl‘ffﬂ ANNT replication U239 EV71
15 TngldvinnnInauaeuna RNA-Seq Aaen13m3aadnseiln1sud@naaanaed candidate genes luimad SK-N-MC
ﬁlﬁm%@ EV71 (MOI of 1) ﬁﬁq\iiwmmmﬂ fiagl qRT-PCR Felinanimeanadull i aReaiufuns RNA-

v o

Seq TewasudAeFulfiaelianrTandnussiualiuTamas “RNA Sequencing-Based Transcriptome Reveals
Type | Interferon Responses in Enterovirus 71-Infected Human Neuroepithelioma Cell Line” AuFLraNA TN
e ARNTTNAIWILIN94193TIN199EALUIUENR Journal of Innate Immunity Tednaglu Quartile 71 1 (Q1) Tu
U a 1 o ‘ﬁl = A 2 1 aa s 2 2
ﬂ']u‘ll‘ﬂ&lﬂ@ SClmago dA1 Impact factor in1nNu 4.352 Gﬁ\‘W]"mNﬂ']qmﬂ‘]_lﬁuqiu@qu?lﬂﬁﬂ’]?ﬁ]‘WN‘W@zLLGNFLV‘V]'W\T ann.

v lulannasialy
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A157199 3

@ﬁ;ﬂt\l@ﬂ"}ﬁl,mﬂzﬁ Gene ontology LAY biological processes mﬂﬂﬂ@ju genes/transcripts AN

EV71-infected SK-N-MC JT2 transcriptome Mdua up-expression LAY down-expression We

wWIeLWauiy un-infected SK-N-MC JT1 transcriptome

Biological process

(gene ontology; GO, accession number)

Number of genes

(percentage of gene hits against the total

number of genes in the list)

up-expression list

down-expression list

apoptotic process (G0O:0006915)
biological adhesion (G0O:0022610)
biological regulation (GO:0065007)

cellular component organization or biogenesis (G0:0071840)

cellular process (G0:0009987)

developmental process (GO:0032502)

growth (GO:0040007)

immune system process (GO:0002376)
localization (GO:0051179)

locomotion (GO:0040011)

metabolic process (GO:0008152)

multicellular organismal process (G0O:0032501)
reproduction (GO:0000003)

response to stimulus (GO:0050896)

103 (2.7)
70 (1.8)
717 (18.8)
353(9.2)
1,289 (33.7)
396 (10.4)
2(0.1)

131 (3.4)
466 (12.2)
11 (0.3)
1905 (49.8)
180 (4.7)
54 (1.4)
273 (7.1)

73 (2.1)

60 (1.7)
608 (17.2)
Nil

1,115 (32.6)
308 (8.7)
Nil

122 (3.4)
500 (14.4)
10 (0.3)
1842 (52.0)
148 (4.2)
55 (1.6)
248 (7.0)
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Output AnTASINFIENIATUUAIN /NI
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1. r,JZ\\\iﬁumwmﬂu’m‘M’]‘i')"n’m’]iu’m’m’]m (?zuﬁj'ﬂaumﬂ TaL309 TRITANT U Land Laah LAZUUN) U198
P o
Nmﬁumﬁmmmi”ﬂu Q_llfyqtﬂﬁ\‘]ﬂ’]?

o  TnussualudeFes “RNA Sequencing-Based Transcriptome Reveals Type | Interferon

Responses in Enterovirus 71-Infected Human Neuroepithelioma Cell Line” Ausuae

AT ARN AW IUINTA1TITIN1TTLALUIUTNR Journal of Innate Immunity
Anaelu Quartile A1(Q1) Fl,uﬂm%ﬂu“@ SCImago A1 Impact factor Wiy 4.352
2. mstnaudeelllddsy el

- @l At lludsane/meliinesels viadinisi sy naldlnanngsiamyana
7l

a = o a a0 a | P ~ Y o o A aa
- @aulaune (@nenuusulaungdesantdsaananinnis vl asuwdasssdaudeTadusseds
711914)

a = G 1 1 A % v
- 1 Fagn5170ur (RAredneAnNgIne/a5enszianinnanlaliunanidng)
- @REIN17 (ANNIWALINITERUN1sdew/ a5 9T ae Tus)

o FfuinAnmszauiByyananuan 1 au wazszauiByynnanuan 1 au dndnenlu

UANGATTAUITANART (WIUIEIR) HUARANHY AN T1TIRTANANT ATUTANNTAART

a o

NAINENGHFITNANART BTNt naeAAIINFAINTATINITRAET

= \ a a A P o
3. ﬂuﬂ (b1 N’mW‘LmWNW‘sLu'J’]imi’J“ﬁ’lmﬂuﬂizmﬂ ﬂﬂimu@Nmﬁlﬂuwﬂa‘zﬁuwfmﬁi NUNAD N7
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