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970 Vero cell 15u@3149 foci vunlng (Large foci) fialsl passage Nau fatudanuzininlunisfing
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coding region Tuvgusd variants fismzee C6/36 ﬁ’jwmwuagﬂu Untranslated region (UTR) 270N@
wansliiiiudn Vero cell daalilisamafiinnisidsunlasislusedu Genotype waz Phenotype ¢
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Abstract

The serial passaging to accumulate genetic changes is one of the methods commonly used in
live-attenuated dengue vaccine development. In addition, extensive serial passaging in cell
lines, such as C6/36 from Aedes albopictus mosquito and Vero cells from African green monkey
kidney epithelial cells, routinely used for virus research or stock collection also resulted in
phenotypic changes. However, there is still no clear information connecting genetic changes to
phenotypic changes observed during serial passaging. In this study, we isolated dengue virus
from the plasma of a dengue patient and then serially passaged dengue virus in C6/36 and Vero

cells in triplicate. The virus from serial passages showed phenotypic changes including foci size



and pattern of foci. The dengue virus serially passaged in C6/36 and Vero cells started to
develop the specific patterns of foci at the third passage after virus isolation from the plasma.
The dengue virus cultured in Vero cell produced large foci since passage three (P3) onwards.
Therefore, dengue virus from clinical isolation should not be cultured beyond the second
passage to retain the original phenotype. Dengue virus cultured in C6/36 and Vero cells from
passage 1 (P1), passage three (P3), and passage five (P5), were selected for genome sequencing
by Illumina platform. The genome sequencing data revealed that genotypic changes occurred
since the P1. Only 39 and 37 of 1,031 original variants detected in dengue virus sequenced from
patient’s plasma (P0) were transferred to P1 of C6/36, respectively. However, only 14 and 24
variants still remained in P3 and P5 from C6/36 and Vero cells. Only eight conserved variants
were detected in PO (patient’s plasma) and P1, P3, and P5 of dengue cultured in C6/36 and
Vero cells. New variants were found in all three passages of both cell lines, especially Vero. The
cell-type specific variants were also observed in dengue virus from C6/36 and Vero cells. There
are 20 from 22 Vero-specific variants found in coding region, whereas all of C6/36-specific
variants were located in UTR. Therefore, Vero cells seemed to drive the higher rate of genotypic
and phenotypic change in dengue virus population than that of C6/36 cell line. The variants
which may associated to phenotypic change were identified. There are 19 variants detected
only in P3 and P5 of Vero which may related to large foci. Interestingly, all 19 variants are non-
synonymous with several variants located in NS4B gene. However, the correlation of these
variations to phenotypic change or dengue fitness need to be further investigated.

Keywords : dengue virus, viral cell culture, genetic changing, C6/36 cell, Vero cell
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Th%amanfy single-stranded RNA virus Usznausaedlsviod 1 81 4 TnglhSameii 4 flsved
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wenizLdola¥amad (virus isolation) Ao C6/36 18U cell g Aedes albopictus @aulun139i7 viral
titration &g viral propagation ¥AUa4 cell lines ﬁﬁﬂgﬂi%ﬁa C6/36 cells Wag African green
monkey kidney epithelial cells (Vero cells) wanannil Vero cell Faldlunisifinsuauladaindu
AULLUU (vaccine candidate) 8nee

11997 virus culture WWudssududenisinuhfanateesne wu n153fadelsaaintisa (virus
diagnosis), N uaulaya (viral propagation), cytopathic effect, ae antiviral susceptibility
testing agalsfiny amnsAlafainisiasuuUamisiluliganeld selective pressure o4 host
158 cell culture Ay passages mmiadamasiamimﬁwLLUaagULLUUUizmﬂﬂﬁﬁlé’ Tunns
@319 live-attenuated vaccine 13%’3L@<‘lﬁﬁ]8gﬂ sub-cultured Iuwaw“] passage U84 Primary Dog
Kidney (PDK) cell wilevil¥idosougns Tauil biological marker idutusiunisseugnsveae wu
plaque uaLan (small plaque size) ey temperature sensitive Fofunsidsuulasdnvarnieuen
(phenotypic change) figanalauu cell culture szdntudefinigndes cel soilomane passage 10
foyamsdnwideunthilunismawuivaresh¥amnsd stain Fuwuy (prototype stain) fignidsssiuan
NA18%) passages WUAMULANAINUUL genome sequence dlediaudy sequence U84 prototype stain
Aenfiudi submit Tu Genbank amumizﬁ‘ﬁm%%mﬂﬁ% population bottleneck wag selection o
gnudndulasaninundeuiildany wu lafagnéeann cell line sianisluidoslu cell line Snvda
Wil 970 Primary Dog Kidney cell (PDK) Tifiusauaulu Vero cell Tunisad1eatndu wieniséne
Mnwaravesiniteladansiilug C6/36 cell lines Fsnsidsuntaswaenguuszvinsiada (viral
population) D19l usTIeusN asm"lﬁﬁmué’ﬂﬁﬁ%’auuaﬁmeﬂﬁtﬁumim?{auuﬂaaﬁaéw%’mLam

é’aﬁu’tu‘imaﬂﬁﬁﬁaﬁwmsﬁﬂmgﬂLLUUﬁuaqmﬁLU%sJuLLanaamjmﬂizsmﬂﬂa%’amqﬁLﬁaQﬂLgm
ag19soiilng (serial passages) 1u C6/36 waz Vero cells lneld Next-Generation Sequencing
Technology ImEJ"L';%’aLm?‘imﬂwmammméﬂwﬁaﬂL%Jah%’amﬁ%liﬁaﬂ 1 $7u9u 1 10819 s
foga sequence ogudranmsnwdeunthgniuiissesadeiiedlu C6/36 uay Vero cells way
AamuAnuin1sdsunaves phenotype (Phenotypic change) LAk vu1aLazsULUUYeY Fod 7

wWasuklaslUluimag passage antudndenlifanindiuiuay passages 210 cell line Misaoswiinin



WARULUATDITLUN (Whole Genome Sequencing) @18 Illumina sequencing platform %’az&améfgﬂ
thuiinsgvisemaianadhmssunaiefnynaiudsuulamesdlunlungulssansvedhdand
audnwasz phenotype Mdsululuusassiinveusadinizides Sﬁayjaﬁlﬁmﬂmiﬁﬂmﬁuamﬂ%ﬁu
g‘dqumsm?{ammaqmﬁiuu (Genotypic change) $aufudnuwazn18uan (Phenotypic change)
Antulaonsideshiialy C6/36 uaw Vero cell fildunthaunsuanslufosfofinisinduduls uas
d@1u19038Yy limit Y9991UIU passage Tun199i1 virus propagation ﬁé’ﬂm%’ﬂmgmwu phenotype U84
nduUszrInIReuandegunuld Llfifisawerfionisdnula¥aludusine uazanusossy variations
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1. ileAnuIniIAunaIAnaIenIaugnssy (Genetic variation) wesnguuszsinshifatadd 7
FuusiunisiuasunUasneuen (Phenotypic change) ARntuanmsudnduvesnsdedhsa
agnerailos (serial passaging) 1u C6/36 waw Vero cells

2. iefnwsukuunisiasuilasmmaiugnssuiiiadudimeiuriinves cell line

s2iiguInIvY
Virus culture from plasma of dengue infected patient
1u1ﬂsami§1é’ﬁﬂLﬁaﬂwmamﬁmaumﬁﬂﬁaashamméﬂwiﬁﬁl,ﬁamaaﬂ (Dengue Hemorrhagic
Fever) iRnolhsansialsiied 1 Inashografitanldldmaiuuanislunvedfanine Next-
Generation Sequencing technology bildianauideneuninvesiiiideideiiu lngdeyadduiuaya
ifudeyailunveanduuszanslmniioglunanaunvesauliais iesnldadn RNA vadlisamnsi
nnarauiaulilaensanditiluvin PCR Ingld Serotype specific primer iduusiaas conserved uu
genome vatladanandlsved 1 wazi PCR product lumansuiuaiaelaglyilérinunisvh cloning wie
cell culture riau Fayaniiazgrlfidudenadssiu (orignal virus) lunsinszvisely
13%’61Lmﬁiuwmammmulﬁgmjwiﬂ propagation Tu C6/36 way Vero cell uidu 1% passage
(P1) 1ileAsu 5 Yu Cell-free supernatant 1471 150 pl 970 P1 %Qm‘gm@iﬂu C6/36 waz Vero 1Uu
2" passage (P2) Tngazvindu triplicate fetuly P2 9xdis1uau dengue culture Ty T25 stavun 6
flasks LYW C6/36 @1u flasks (C6/36 P2-1, C6/36 P2-1, P6/36 _p2-3) hazLUu Vero @1y flasks
(Vero P2-1, Vero P2-1, Vero p2-3) 21nth cell-free supernatant QﬂLLﬁﬂmﬁ’l Focus Forming Assay

(FFA) suiilutuiliiu supematant Lia@nw1 phenotype Masuudasllvesladansilunn flasks 7

;G813 d3u cell-free supernatant Aiidiovann flask 9zgn aliquot waziufl -70°C 9 NTiu P2 gnidies
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UATURNTU (Day 5) AaziAuliSanenann P2 wavidusrelida P3 lneazsinnisnageuuasiiu
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Sequencing whole genome of dengue virus by Illumina sequencing platform

hfawanfiiiulaain cell culture T19@uany passages loun P1 P3 uag P5 aud triplicate w4

P3 waz P5 gniumawuuamemalulad Illumina lnewnnalunisiiende

- P118u passage winihidaanwaraungniuaeunnegly cell line Fadunisiudsu Host Tnia
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foci 91NNV FFA
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Data Analysis
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3¢ mapped Yeayanauniulunvatasnlifasmelusunsy BWA MEM uatilwdua alignment (BAM
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MaRULUaBNATY nouariluviinsssysiuvie variation (Variant calling) ANUaNNNANTMIAWTULUE
nadlunveshsameinelusunsy LoFreq Iay variation inuegetssanassluainvesnisiaeshasa

\u triplicate Tuusiae passage Faazgnihunldlumsudsnanisiiasegvisiely

Data interpretation

1. miﬁmmmmsLﬂ?ﬂ'ammawmﬂ&jmmgmﬂﬂa%’mmﬁ

970 variations finululsamsAainnatanauldsiuag 1,031 funds wuinfidies 39 dumisd
wulu P1 vadhh¥amaionn C6/36 way 37 fuwislu P1 910 Vero uawdl variations w8 summbaivinti
finudgnaseanwatamnauld (P0) 1U P1 P3 wag P5 wasvis C6/36 wax Vero laeil variations o 6
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synonymous variation) Aofl nucleotide T6885C (NSAB Val20Ala) way nucleotide A8838G (NS5

Lysd22Arg) WeNa1N variations N1gnaewiaan PO was Weldealifananlu C6/36 uaz Vero lidainendl
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in15a319 variations Tusiluunay passage ludruiugeninlifawnsnniaesly C6/36 cell Inalu
. . o v 1-;{-:1 . . a a é’ o [ 1 a 13 . . .
variations Ma319ludldl variations MAnTuLazIunziuLsazsiiawas (cell-type specific variations)
Inelu Vero wu cell-type specific variations 22 suuilsiinutanizlu Vero a1 passages lagil 15
Fruwndadu Non-synonymous variations @2ulu C6/36 wu cell-type specific variations ¥141un 13
Aunvauagiianunegly Untranslated region andeyadiduivainladuansliiiudn lifameii
X . & a o = & ! )~ . ‘:4'
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STV

2. N13AUM variation N1119dMLAEIT8IAU phenotypic change
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wiuladalauiniinisilasuniasues population vesliSainsnfausisuyia virus isolation AatunIn
fosnsazAnuhisamenlneluneinislidnisiuasunlaswes virus population AI5AEANIINAIDE1S
farulngnsilaegliniunis culture Tu cell line
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population 711U 1HU8991NNAN1TIUTYULTIBU consensus sequence V84619819317 cell culture
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Objective
® To identify a change in genetic variations of the dengue virus population associated with

phenotypic changes driven by serial passaging in C6/36 and Vero cells.

® To identify genetic changes that are cell line specific.

Introduction

Dengue is a single-stranded RNA virus. It consists of four serotypes, 1 to 4. All four
serotypes are the cause of Dengue Fever (DF), Dengue Hemorrhagic Fever (DHF), and Dengue
Shock Syndrome (DSS). Dengue virus was transmitted between humans by Aedes aegypti
(Stegomyia aegypti) and Aedes albopictus (Stegomyia albopicta) mosquito. The incident of the
dengue epidemic around the world increases dramatically with co-circulation among four
serotypes (1). The estimation of dengue infection cases per year is 390 million (95% credible
interval 284-528) (2). Until now, dengue has no specific drug treatment and no vaccine.

Many dengue viral studies are isolated, propagated, proliferated, and replicated virus in
cell line for increasing viral titer and maintain viral for further study. The most common cell line
used for dengue viral isolation is Aedes albopictus mosquito C6/36 cell line. Cell lines usually
used for viral titration and propagation are C6/36 cells and African green monkey kidney
epithelial cells (Vero cells) (3). Furthermore, Vero cells are potentially used to up-scale virus
production when the vaccine candidate is obtained as successfully done in the polio vaccine
(4). Dengue is RNA virus that uses RNA dependent RNA polymerase (RdRp) for replication. RdRp
is known to have poor prove reading cause of high error rates (around 10-4) in viral replication.
The variability in viral population occurs during viral replication allows virus evolution under
selective pressure of host immune (5). Therefore, the dengue population can evolve during

propagate in host cells. Viral culture is essential for many kinds of viral studies such as vaccine
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production, virus diagnosis, viral propagation, cytopathic effect, antiviral susceptibility testing (6).
According to the highly evolved of dengue virus under the selective pressure of host, several
passages of viral culture can alter the trend of dengue population. In live-attenuated vaccine
development, dengue candidate was sub-cultured in several passages of Primary Dog Kidney
(PDK) cell for attenuation (7). The vaccine candidate will contain biological marker that
associated with attenuation, such as small plaque size and temperature-sensitive (8). These
observed phenotypes will occur when a dengue vaccine candidate was cultured through
several passages. From our previous report, the sequencing result of the dengue prototype
strain that culture through many passages have some different position from the submitted
sequence of prototype strain in Genbank (9). This situation may be explained by the population
bottleneck and selection, which is driven by an environmental event.

The environmental event in these cases is the small selected population of the virus was
moved from one type of cell culture to another, from mosquito cell to Primary Dog Kidney cell
(PDK) for vaccine development, and from patient's plasma to C6/36 mosquito cell. The
direction of the RNA viral population may change from the beginner. However, there is no
clearing data to prove this hypothesis.

Therefore, in this study, we were investigated the trend of changing in dengue population
when growing in serial passages of C6/36 and Vero cells by using Next-generation Sequencing
Technology. Plasma from a dengue infected patient, which we already sequenced dengue
genome and called variants in the previous study, was selected for serial propagation in C6/36
and Vero cells and selected for sequencing by Illumina sequencing platform. Bioinformatics
method was used for analyzing the genetic changing in the dengue population according to the
observed phenotypic change of viral cultured cells and pattern of foci from Foci Forming Assay.
The findings shown how genetic and phenotypic changes occurred in commonly used cell lines.
The information from this study can estimate the upper limit of passage number for virus
propagation that still sufficiently retains phenotype of the original virus. Therefore, we hope that
the results from this study will potentially have an impact on both basic dengue virus research

and vaccine development.



Methodology

Dengue infected sample

The plasma of a dengue infected patient was selected from Dengue cohort clinical
database program. The plasma was collected from a patient with Dengue Hemorrhagic Fever
(DHF) grade 2 infected by dengue serotype one, which has been admitted to Songkhla hospitals
in 2005. The plasma was collected in three days before defervescence (day -3). This sample was
used in the previous work for sequencing the whole genome of dengue virus from a patient's
plasma using Next-generation sequencing for investigating the quasispecies of the dengue virus

population (manuscript in preparation). This sample was called PO in this study.

Virus culture from the plasma of dengue infected patient

Dengue virus was isolated from a patient's plasma by cultured in two types of cell lines,
C6/36 and Vero cell. C6/36 cell line was maintained in Leibovitz's (L-15) medium (Gibco)
contain 10% heat-inactivated Fetal Bovine Serum (FBS) (Gibco), 10% tryptose phosphate broth
(TPB, SIGMA), 100 U/ml penicillin, and 100 pg/ml streptomycin (SIGMA) and incubate in 28°C
incubator. The Vero cell line was cultured at 37 °C with 5% CO, in Minimum Essential Media
(MEM) (Gibco) supplemented with 10% heat-inactivated FBS (Gibco), 100 U/ml penicillin, 100
ug/ml streptomycin, and 20mM L-Glutamine (Gibco). Around 1 x 10° cells of C6/36 and Vero
cells were plated in flask T25 with 5 ml of growth media and incubate for two days before
inoculate virus. For the first passage (P1) of dengue virus isolation from the patient's plasma, 150
bl of EDTA-plasma was directly apply to C6/36 and Vero cell line. Then, C6/36 and Vero cell
line inoculated with dengue virus were maintained in 5ml of growth media contained the
supplements as described before, but FBS was reduced to 1.5% for C6/36 and 2% for Vero cell
line. The cytopathic effect (CPE) of the cell was observed regularly until the dengue virus was
cultured for five days. At day five, the supernatant was collected and centrifuged at 1,500 rpm
for 5 minutes at 4°C to remove cell debris. Cell-free supernatant was aliquoted for inoculating
to the next passage, extracting dengue RNA for genome sequencing, and performing the Focus
Forming Assay (FFA). The remaining supernatant has been stored at -70°C. 150 pl of cell-free

supernatant from the first passage (P1) was inoculated in triplicate in the 2" passage (P2). Virus



culture was serial passaged until passage 15" (P15). The summary of the virus culture was

shown in figure 1.

Cell preparation in T25 for 48 hrs:
- C6/36 was seeded at 1x10° cells
- Vero was seeded at 1x10° cells
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Figure 1. The virus in the patient's plasma was serially passaged in C6/36 and Vero cell. Each

passage except the first passage (P1) was cultured in triplicate. Virus culture from each triplicate

was passed to the same copies in the next passage, e.g., virus from the 1st copy of 2nd passage



(P2-1) was inoculated to the 1st copy of 3rd passage (P3-1). Virus culture was serially passaged
until passage 15th (P15).

Dengue virus quantification by Focus Forming Assay (FFA)

To quantify the infectious dengue virus titer, FFA was performed immediately after
collecting the cell-free supernatant of each passage. 50 pl of cell-cultured supernatant was
collected and diluted to 10-fold serial dilution from 107 to 107". Each dilution was inoculated in
duplicate to Vero cells, which has been cultured in a 96-wells plate. The number of foci was

count and averaged. The virus titer (FFU/ml) was calculated by using the following equation.

1
FFU/ml = dilution factor x number of foci x ml of inoculum

Template preparation for dengue whole genome sequencing

Three selected passages of dengue virus cultured in C6/36 and Vero were separately
prepared for Next-Generation Sequencing (NGS).
For C6/36 viral culture, dengue RNA was extracted from cell-free supernatant using QlAamp Viral
RNA Mini Kit, QIAGEN. Then, cDNA was constructed from extracted RNA using SuperScript Il First-
Strand Synthesis System, Invitrogen. The protocol was modified from manufacturer protocol by
increasing the extension time to 90 minutes, which help to improve yield and completeness of
cDNA product (10). The primer used for constructing cDNA was mapped at the 3'end of the
dengue genome (9). The whole genome of dengue virus was amplified into two overlapping
fragments (figure 2) using AccuPrime™ Taqg DNA Polymerase High Fidelity, Invitrogen. The set of
primer and protocol for amplifying the dengue DNA template was followed our previous report
(9). PCR product was separated in 1% agarose gel electrophoresis followed by gel slicing and gel
extraction by QIAquick Gel Extraction Kit, QIAGEN. The extracted DNA was eluted by 30ul of
sterile water (water for injection grade). Purified PCR products were measured the concentration
by Qubit™ dsDNA BR Assay Kits, Invitrogen. The OD260/280 ratio was measured by NanoDrop
2000 Spectrophotometers for checking DNA purity from protein contamination.

For dengue virus cultured in Vero cell, 1 ml of cell-free supernatant was centrifuged at

120,000 g for 1.5hours at 4°C. The supernatant was carefully removed. The pellet was
resuspended in 140ul of 1X PBS (11). Dengue RNA was extracted from a resuspended pellet
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using QlAamp Viral RNA Mini Kit, QIAGEN, and used 11.2 pg (20pg/ml in buffer AVL 560 pl) of
Glycogen (Roche applied science) as the carrier instead of carrier RNA provided in the extraction
kit. RNA was eluted by 50ul of sterile water (water for injection grade). The concentration of
extracted RNA was measured the concentration by Qubit RNA HS Assay Kits (Invitrogen). The
purity of RNA was measured by NanoDrop 2000 Spectrophotometers. The extracted RNA was

aliquoted and stored at -70°C until sent to RNA sequencing service at Macrogen Korea.

5 Dengue Genome 3
'112 bp |

» :

Fwl 6,579 bp | %
I |
»— <
F2 4,233 bp Rv2

Figure 2. The whole genome of the dengue virus was amplified using PCR technology with
specific primers for dengue serotype 1. Two fragments of PCR products consist of DNA fragment

size 6,579 bp and 4,233 bp with overlapping size 112 bp.

Whole dengue genome sequencing by Next-Generation Sequencing platform

Dengue virus cultured in C6/36 cell lines

Purified PCR product of the dengue DNA template from the previous step was sequenced
by the Illumina sequencing system. Two overlapping DNA templates of each sample were
mixed with the same amount of DNA molecule for completing the dengue genome. The
amount of DNA molecule of each DNA fragment was calculated using the following equation.

Sample concentration (ng/pl} ><6’(:,22>(1023

Molecules/pl =
656.6x 10 xfragment lencth (bp)

where 6,022x107 is Avogadro’s number (molecules/mole)

656.6x10’ is the average molecular weight of nucleotide pairs in g¢/mole

A mixed DNA template of seven samples from three passages (each passage has triplicate,
except P1) were sent to Macrogen Korea to prepare a sequencing library using TruSeq DNA PCR-

Free kit and perform 101 bp paired-end sequencing.

Densgue virus cultured in Vero cell lines
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Twenty microliters of seven extracted dengue RNA samples were sent to Macrogen Korea.
All seven samples were selected from the same passage as C6/36. Library preparation was
performed using TruSeq RNA Sample Prep Kit v2. Then RNA sequencing of 151 bp paired-end

was performed by Illumina sequencing platform.

Dengue virus directly extracted from patient's plasma (PQ)

DNA template of sample PO was prepared in the previous work using the same protocol
as C6/36. The pooled DNA template was sent to Macrogen Korea to prepare sequencing library

using Nextera-XT kit and perform 101 bp paired-end sequencing.

NGS Data cleaning

The sequencing results of dengue virus from C6/36, Vero cell, and patient’s plasma (P0)
were analyzed with the same data analysis pipeline. First, the quality of sequencing data was
explored using the program FastQC (12). The low-quality bases (mean quality score <20) and
adaptor/primer sequence were trimmed from the end of each read using program Trimmomatic

(13).

Consensus sequences construction

The consensus sequence of each sample, including PO, was constructed from cleaned
sequencing data using the IVA version 1.0.3 (14). The cleaned data of each sample were aligned
to the corresponding assembled genome using “BWA mem” version 0.7.17 (15). The fault
assembly was revealed by displaying the alignment result in Integrative Genomics Viewer (IGV)

tool version 2.4.14 (16, 17) and then removed from assembled genome sequences.

Single Nucleotide Variant (SNV) calling

The SNVs of all samples were called using the consensus sequences of PO as a reference
sequence. The cleaned sequencing data were aligned to a consensus sequence of PO using BWA
mem version 0.7.17 (15). Then alignment results were recalibrated the bases quality score using
“BaseRecalibrator” and “ApplyBQSR” of Genome Analysis Toolkit (GATK) version 4.1.2 (18). The
dengue variants were called from recalibrated results using LoFreq version 2.1.2 (19). The
analysis flow was shown in figure 3. The called variants of each sample were compared to each

other.
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NGS Sequencing data

Check the quality of sequencing data :

Program FastQC version 0.11.5

Trim low quality bases and remove primer/adaptor :

Program Trimmomatic version 0.36

Cleaned

Sequencing data

Construct consensus sequences :

Program lterative Virus Assembler (IVA)

Align cleaned sequencing data to consensus sequences :

Program BWA mem version 0.7.17

Recalibrate base quality score : Program GATK version 4.1.2
- gatk IndexFeatureFile
- gatk BaseRecalibrator

- gatk ApplyBQSR

Identify dengue variants from recalibrated data :

Program lofreq version 2.1.2

Figure 3. NGS data analysis workflow for identifying variations from all dengue samples.

Results

Dengue virus isolation in C6/36 and Vero cells
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In the first infection (P1), 150 pl of EDTA-plasma from dengue patient (PO) was separately
infected to C6/36 and Vero cell cultured in flask T25. The components in plasma and EDTA
affected cell cultured, especially for C6/36 cells. After infected with a virus from EDTA-plasma
for 1 hour, 50% of C6/36 cells died and detached from the flask's surface. About 80% of C6/36
cells died and detached at 2 hours after infection. Therefore, 2x10° C6/36 cells were added to
the cultured flask at 2 hours and one day after infection to maintain a level of living C6/36
cells. For Vero cells, the CPE can be detected, but cell detachment did not occur. Therefore,
additional Vero cells were not added. Dengue virus from plasma was cultured in both cells for
five days before passing to the next passage. In each passage, the dengue virus was cultured in
C6/36 and Vero cell for five days. More than 80% CPE can be detected in day five of cell
culture in both cell lines. The CPE of C6/36 cell, which occurred after infected with the dengue
virus, is a giant cell. In Vero, cell detachment has been detected. The CPE in each passage was

identified under the light microscope (figure 4).
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Fisure 4. Cytopathic effect (CPE) of C6/36 and Ve

F3 P Ve

ro cell line after five days of dengue virus
infection. The giant cell was observed in the C6/36 cell line. Cell detachment occurred in the
Vero cell. (Cell figure under the light microscope at magnification power of 20x) (Red and Yellow

arrow show the example of giant cell and cell detachment, respectively)

Dengue viral titration and foci pattern

The infectious dengue virus titer of each passage was measured from cell-free supernatant
by Foci Forming Assay (FFA). The dengue titer was measured in Focus Forming Unit/ml (FFU/mL).
The dengue virus titer of each passage was shown in table 1. Moreover, the pattern and size of
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focus formation detected from C6/36 and Vero were changing during continuously passaged in
each cell type (figure 5 and figure 6).

P1: In this passage, the dengue virus from Vero cell has a higher virus titer than C6/36.
The virus titer measured from Vero and C6/36 is 3.2x10" FFU/ml and 1.4x10° FFU/mL,
respectively. The pattern of focus formation from both cells are similar. The foci had similar size
as pinhead. Dengue virus from both cell lines had homogenous foci pattern.

P2: Dengue virus produced from C6/36 cell has a higher virus titer than Vero in all three
repeated. The virus titer calculated from three repeated of C6/36 are 6.5x10%, 8.8x10% and
8.9x108 FFU/ml. Dengue virus titer measured from Vero are 2.5x107, 1.8x107, and 1.3x10" FFU/mL.
Dengue virus from both cell types still generated similar size and pattern of foci as detected in
P1. Dengue virus from both cell lines had homogenous foci pattern.

P3: Dengue virus produced from C6/36 cell had a higher virus titer than Vero in all three
repeated. The virus titer calculated from three repeated of C6/36 is 4.2x108 4.7x108 and
4.9x10® FFU/ml. The titer of dengue virus cultured in Vero is 5.5x10° 5.7x10°, and 6.0x10°
FFU/mL. The virus titers measured from both cell types are lower than P2, especially for Vero,
which has a lower virus titer than P2 for one log. Dengue virus from C6/36 has a homogeneous
pattern of foci and has a smaller foci size than P2. Whereas, dengue virus cultured in Vero cell
produced the bigger size of foci than P2. The heterogeneous pattern of foci has been observed
in this passage.

P4: Dengue virus produced from C6/36 cell has a higher virus titer than Vero in all three
repeated. The virus titer calculated from three repeated of C6/36 is 4.7x10% 6.3x10%, and
6.3x10® FFU/ml. The virus titer of three repeated from Vero is 5.1x10° 4.9x10%, and 5.2x10°
FFU/ml. The pattern of foci from C6/36 and Vero is a noticeable difference in this passage. In
C6/36, a heterogeneous pattern of foci was observed. All foci are not bigger than pinhead-sized
and scattered around a 96-well plate. For Vero, the numbers of foci are much lower, but the
size of foci are much bigger than C6/36 and previous passage of Vero. In this passage, large foci
with pinpoint foci scattered around were clearly observed. The pinhead foci also occurred in
this passage

P5: Dengue virus produced from C6/36 cell has a higher virus titer than Vero in all three

repeated. The virus titer calculated from three repeated of C6/36 is 5.9x108, 6.3x108 and
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6.4x10® FFU/mLl. The virus titer of three repeated from Vero is 3.2x10’, 2.5x10’, and 2.7x10’
FFU/mL. The dengue virus titer from Vero cell is higher than the previous passage in all three
repeated. In this passage, the dengue virus from C6/36 produced bigger foci mixed with the
pinhead foci. For Vero, the dengue virus produced the pattern of foci as similar

to P4.

P6 — P10: Dengue virus produced from C6/36 cell has a virus titer calculated from three
repeated is around 10® FFU/ml. The titer of dengue virus cultured in Vero are around 10’
FFU/mL. The virus titer of all passages was shown in table 1. For the pattern of foci of P6-P10,
the dengue virus from C6/36 has a similar pattern of foci in P5, but the bigger size of foci was
produced higher than the previous passage. In Vero, the pinhead foci are decreasing. The large
foci with pinpoint foci scattering around are the main pattern.

P11: Dengue virus produced from C6/36 cell has a higher virus titer than Vero in all three
repeated. The virus titer calculated from three repeated of C6/36 is 6.4x108 5.3x108% and
3.6x10® FFU/mL. The virus titer of three repeated from Vero is 6.5x10° 6.7x10%, and 7.2x10°
FFU/mL, which are lower than previous passages. The pattern of foci of C6/36 is similar to P9
and P10, but the number of foci is decreasing since this passage. For Vero, the pattern of foci is
not changing. Large foci contain pinpoint foci scattering around is the main pattern.

P12: Dengue virus produced from C6/36 cell has a slightly lower virus titer than Vero in
all three repeated. The virus titer calculated from three repeated of C6/36 is 3.3x107, 3.8x107,
and 7.2x10" FFU/mL. The virus titer of three repeated from Vero is 4.0x10’, 4.8x10’, and 5.0x10’
FFU/mL, which are higher than P11. The pattern of foci from C6/36 and Vero is not differencing
from P11.

P13: In this passage, C6/36 back to produce higher virus titer than Vero. The virus titer
calculated from three repeated of C6/36 is 2.2x108, 3.0x10%, and 2.5x10® FFU/mL. The virus titer
of three repeated from Vero is 1.2x107, 2.5x107, and 2.0x10" FFU/ml. The pattern of foci from
C6/36 and Vero are not differencing from the previous passage, but the number of foci from
Vero is decreasing.

P14 - P15: Dengue virus produced from C6/36 cell has a higher virus titer than Vero in
all three repeated. The virus titer calculated from three repeated C6/36 are around 10® FFU/ml

(table 1). The virus titer of three repeated from Vero are around 10" FFU/ml, as shown in table
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1. In these last two passages, C6/36 produced a similar pattern of foci to the dengue virus from
Vero in P3. For the dengue virus from Vero, the large foci with pinpoint foci scattering around

are the main pattern. The pinhead foci are rarely detected in P15.

C6/36 Vero
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Figure 5. The pattern of foci from Foci Forming Assay (FFA) of dengue virus cultured in passage 1

to passage 8 of C6/36 and Vero cell.
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to passage 15 of C6/36 and Vero cell.
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Table 1. The virus titer of 15 passages of dengue virus cultured in C6/36 and Vero cell. Dengue virus titer (FFU/ml) was calculated from an average

number of foci from Foci Forming Assay.

C6/36 Vero
passage Average No. of foci FFU/ml Average No. of foci FFU/mL
Dilution Dilution

1 2 3 1 2 3 1 2 3 1 2 3
PO 1.00E-04 7 - - 1.40E+06 - - 1.00E-05 16 - - 3.20E+07 - -
P1 1.00E-06 32.5 a4 44.5 | 6.50E+08 | 8.80E+08 | 8.90E+08 | 1.00E-05 12.5 9 6.5 | 2.50E+07 | 1.80E+07 | 1.30E+07
P2 1.00E-06 21 235 24.5 | 4.20E+08 | 4.70E+08 | 4.90E+08 | 1.00E-04 27.5 28.5 30 | 5.50E+06 | 5.70E+06 | 6.00E+06
P3 1.00E-06 235 31.5 31.5 | 4.70E+08 | 6.30E+08 | 6.30E+08 | 1.00E-04 25.5 24.5 26 | 5.10E+06 | 4.90E+06 | 5.20E+06
P4 1.00E-06 29.5 31.5 32 | 5.90E+08 | 6.30E+08 | 6.40E+08 | 1.00E-05 16 12.5 13.5 | 3.20E+07 | 2.50E+07 | 2.70E+07
P5 1.00E-06 37 27 28 | 7.40E+08 | 5.40E+08 | 5.60E+08 | 1.00E-05 17 14 19 | 3.40E+07 | 2.80E+07 | 3.80E+07
P6 1.00E-06 40.5 39 38 | 8.10E+08 | 7.80E+08 | 7.60E+08 | 1.00E-05 15.5 18 17.5 | 3.10E+07 | 3.60E+07 | 3.50E+07
P7 1.00E-06 43 35 44 | 8.60E+08 | 7.00E+08 | 8.80E+08 | 1.00E-05 12.5 16 21.5 | 2.50E+07 | 3.20E+07 | 4.30E+07
P8 1.00E-06 51 42.5 48 | 1.02E+09 | 8.50E+08 | 9.60E+08 | 1.00E-05 15 11.5 12 | 3.00E+07 | 2.30E+07 | 2.40E+07
P9 1.00E-06 48 29 31.5 | 9.60E+08 | 5.80E+08 | 6.30E+08 | 1.00E-05 18.5 22 22 | 3.70E+07 | 4.40E+07 | 4.40E+07
P10 1.00E-06 32 26.5 18 | 6.40E+08 | 5.30E+08 | 3.60E+08 | 1.00E-04 32.5 335 36 | 6.50E+06 | 6.70E+06 | 7.20E+06
P11 1.00E-05 16.5 19 13.5 | 3.30E+07 | 3.80E+07 | 2.70E+07 | 1.00E-05 20 24 25 | 4.00E+07 | 4.80E+07 | 5.00E+07
P12 1.00E-06 11 15 12.5 | 2.20E+08 | 3.00E+08 | 2.50E+08 | 1.00E-05 6 12.5 10 | 1.20E+07 | 2.50E+07 | 2.00E+07
P13 1.00E-06 285 35 24 | 5.70E+08 | 7.00E+08 | 4.80E+08 | 1.00E-05 10.5 14.5 23 | 2.10E+07 | 2.90E+07 | 4.60E+07
P14 1.00E-06 30 32.5 23 | 6.00E+08 | 6.50E+08 | 4.60E+08 | 1.00E-05 19 22.5 23 | 3.80E+07 | 4.50E+07 | 4.60E+07
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The virus titer (FFU/ml) measured from each passage of C6/36 and Vero (table 1)
were plotted. Most of all passages, C6/36 can produce higher virus titer than Vero about
one log, except in P1 and P12 (figure 7).

When compare between foci size produced from the dengue virus from C6/36 and
Vero, the foci produced by dengue virus cultured in Vero are much bigger than C6/36
since P3. In P1 and P2, the pattern of foci of C6/36 and Vero are similar. Since P3, C6/36
and Vero develop their own unique foci pattern. Until P14 and P15, the dengue virus from

C6/36 turns to have a similar foci pattern to P3 of Vero.

10.00
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7.00
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1.00
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Log10 of FFU/mLl

A Ccé6/36 @® Vero

PO P1 P2 P3 P4 P5 P6 PT7T P8 P9 P10 P11 P12 P13 Pl4
Passage
Figure 7. Graph show log10 dengue virus titer (Log10 FFU/ml) of 15 passages, which were
cultured in C6/36 and Vero cell. The triangle shows a dengue virus titer from the C6/36

cell line. The circle represents the dengue virus titer from the Vero cell line.

Sample selection for NGS

Dengue virus from three passages, P1, P3, and P5, of C6/36 and Vero were selected
for sequencing by Illumina platform.

P1: This is the first passage of the virus isolated from the patient's plasma. The
environment of the virus was changed from human to two different types of the cell line.
Therefore, the dengue virus has to survive through selective pressure of the new
environment. The selected population of the dengue virus, after propagated in the first

passage of each cell line, must be explored.

21



P3: This is the third passage after the dengue virus was cultured in C6/36 and Vero
cell line. In this passage, the dengue virus from Vero cell starting to produce the large foci
in Foci Forming Assay. The different patterns of foci between C6/36 and Vero can be
detected. Therefore, the genotypic changes that are related to phenotypic change in the
dengue virus from Vero cell should be detected. For dengue virus isolation in the
laboratory, the dengue virus was normally cultured in C6/36 no longer than the P3.
Therefore, how different between the genotypic pattern of the dengue population in this
passage and patient plasma is very interesting.

P5: This is the fifth passage after the dengue virus was cultured in C6/36 and Vero
cell. In this passage, the dengue virus from C6/36 starts forming the bigger size of foci
mixed with pinhead foci. The pattern of foci is different from previous passages. Therefore,
the genotypic change in the dengue population that related to the phenotypic change in
C6/36 may be observed in this passage. In live-attenuated dengue vaccine development,
the candidate vaccine was propagated in Vero cell for five passages. Therefore, exploring
the genotype data of the dengue virus from the Vero cell in this passage may give more
understanding about the genotype of the dengue population in live-attenuated dengue
vaccine development after propagated in Vero cell.

14 selected samples for NGS sequencing:

- Passage 1: One sample from C6/36 and One sample from Vero

- Passage 3: Triplicated samples from C6/36 and triplicated samples from Vero

- Passage 5: Triplicated samples from C6/36 and triplicated samples from Vero

Template preparation for NGS sequencing

Seven dengue samples from the C3/36 cell line were amplified to two overlapping
fragments using specific primers to serotype 1. PCR products were purified using QIAquick
Gel Extraction Kit. The concentration and purity (A260/A280) of each fragment was shown
in table 2. For dengue samples from Vero cell, dengue RNA was extracted using QlAamp
Viral RNA Mini Kit. The concentration and purity (A260/A280) of seven dengue RNA

samples were shown in table 3.

Table 2. The concentration and DNA purity (A260/A280) of amplified DNA template of
dengue cultured in C6/36 cell line
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Size of DNA | A260/A280 by NanoDrop | Conc. by Qubit™ dsDNA
sample fragment 2000 Spectrophotometers | BR Assay Kits (ng/ul)
PO Fragment 1 6579 1.89 112.67
PO Fragment 2 4233 1.91 94.73
P2-1 Fragment 1 | 6579 1.94 52.47
P2-1 Fragment 2 | 4233 1.93 61.93
P2-2 Fragment 1 | 6579 1.92 65.40
P2-2 Fragment 2 | 4233 1.94 33.67
P2-3 Fragment 1 | 6579 1.9 55.87
P2-3 Fragment 2 | 4233 1.9 63.00
P4-1 Fragment 1 | 6579 1.94 53.27
P4-1 Fragment 2 | 4233 1.9 54.67
P4-2 Fragment 1 | 6579 1.94 45.53
P4-2 Fragment 2 | 4233 1.91 51.40
P4-3 Fragment 1 | 6579 1.99 56.93
P4-3 Fragment 2 | 4233 1.91 75.67

Table 3. The concentration and RNA purity (A260/A280) of extracted dengue RNA from

dengue cultured in Vero cell line

A260/A280 by NanoDrop | Conc. by Qubit RNA HS
Sample Molecular type
2000 Spectrophotometers | Assay Kits (ng/ul)
PO RNA 2.3 1.05
P2-1 RNA 2.13 1.83
P2-2 RNA 1.9 2.7
p2-3 RNA 1.98 2.14
P4-1 RNA 2.86 1.44
Pa4-2 RNA 2.66 1.14
P4-3 RNA 1.99 2.79

NGS sequencing result

23




Fourteen dengue samples consisting of seven samples from C6/36 and seven
samples from Vero were sequenced by Illumina platform at Macrogen, Korea. The

summary of NGS sequencing data was shown in table 4.

Table 4. The summary of NGS data of 14 dengue samples from dengue cultured in C6/36
and Vero cell. The number of sequences, mean quality score, and sequence length,

before and after the data QC process shown in the table.

Per sequence mean sequence quality
Total sequences
(Min | Max) * Sequence length
Sample (R1 +R2)
R1 R2

Before After Before After Before After Before After

PO_C6/36 8,462,072 | 6,065,666 | 2|39 23139 |2]39 21139 101 | 40-101
P2-1 C6/36 7,079,512 5,034,704 | 2| 39 22|39 2139 22|39 101 | 40-101
P2-2 C6/36 8,979,816 6,311,912 | 2| 39 24| 39 2139 21|39 101 | 40-101
P2-3 C6/36 8,447,796 5,862,464 | 2|39 23|39 2139 2139 101 | 40-101
P4-1 C6/36 7,935,726 | 5,662,882 | 2| 39 23139 |2]39 22|39 101 | 40-101
P4-2 C6/36 4,580,092 | 3,178,566 | 2| 39 23139 |2]39 22139 101 | 40-101
P4-3 C6/36 7,589,662 5,421,788 | 21| 39 23|39 2139 2139 101 | 40-101
PO_Vero 26,313,496 | 23,226,192 | 13| 37 25137 11|37 | 24|37 151 | 40-151
P2-1 Vero 26,420,968 | 23,250,764 | 14 | 37 25|37 11|37 | 24|37 151 | 40-151
P2-2 Vero 27,049,380 | 23,223,832 | 14| 37 24| 37 12|37 | 24|37 151 | 40-151
P2-3 Vero 24,126,152 | 21,339,368 | 14 | 37 25|37 12|37 | 23|37 151 | 40-151
P4-1 Vero 24,527,494 | 21,842,856 | 15| 37 25137 11|37 | 24|37 151 | 40-151
P4-2 Vero 21,663,268 | 19,492,760 | 14 | 37 25|37 11|37 | 24|37 151 | 40-151
P4-3 Vero 30,241,236 | 26,147,350 | 14 | 37 25137 11|37 | 24|37 151 | 40-151

* Minimum and maximum of per sequence mean quality score found in NGS data

NGS data analysis
Data cleaning

The sequencing data were analyzed by bioinformatics analysis. Bad quality data has
been removed by the Trimmometic program. Summarize of NGS data before and after the
data cleaning process was shown in table 4. The overall quality score was increased after

the data cleaning process. The shortest reads are 40 bp.
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Consensus sequences comparison

The consensus sequences of all samples were compared to the consensus
sequencing of PO. Interestingly, all consensus sequences are not differencing from PO.
Therefore, the major population does not change since the virus was isolated from

plasma and continuously propagated in C6/36 and Vero cell until passage five.

Variant identification

SNV were identified from 14 virus-cultured samples and S12. SNV from passage
three and passage five were called in their triplicated data. The number of called variants
was shown in table 5. Before variant comparison between passages and cell type, the
variations from the triplicated experiment were filtered. The only variation was detected
from two triplicated cultured was selected as a reliable variant which used for variant

comparison in a further step.

Table 5. Number of variations detected from dengue virus cultured in C6/36 and Vero cell

line and dengue virus from patient’s plasma

Number of SNV in a triplicated experiment
Samples Pass filter
1 2 3

PO 1031 - - 1031
P1 C6/36 61 - - 61
P3 C6/36 a5 a9 a7 50
P5 C6/36 21 35 39 39
P1 Vero 109 - - 109
P3 Vero 110 102 105 113
P5 Vero 116 109 79 116
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Figure 8. The plot of single nucleotide variation (SNV) detected in the dengue genome.
Variations from six dengue cultured in C6/36 and Vero cells were compared to variants
from dengue extracted from the patient's plasma. Each color on the rectangle represents
each gene in the dengue genome. Blue and red vertical lines represent variations
detected in dengue cultured from C6/36 and Vero cell, respectively. Blue and red triangle
with vertical line represent detected variation and allele frequency in dengue from C6/36

and Vero cell, respectively.

Variants comparison between passage and cell type

SNV detected from PO and all passages of C6/36 and Vero were compared together.

Comparison between cell type

There are 958 variants found only in PO. There are variants transfer from PO to
dengue virus isolated in C6/36 and Vero cell. For dengue cultured in C6/36, there are 39,
21, and 14 variants that were transferred from PO to P1, P3, and P5 of C6/36, respectively.
For dengue cultured in Vero cell, there are 37, 32, and 24 variants that were transferred
from PO to P1, P3, and P5 of Vero, respectively. The number of variants which were
transfer from PO to virus culture and still maintained until P5 was not much difference in
both type of cell line. However, there are a number of new variants that occurred during
dengue virus propagation in each cell line, which should be considered. There are 22, 8,
and 4 new variants that occurred during dengue propagation in P1, P3, and P5 of the
C6/36 cell line, respectively. For the dengue virus propagated in Vero cell, there are 72,

27, and 43 new variants that occurred in P1, P3, and P5, respectively.
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There are eight variants that can be detected in PO and all passages of C6/36 and
Vero. Six of eight variants have allele frequency >0.5%. Only two variations at nt6885 and
nt8838 change amino acid from Valine to Alanine (V20A NS4B) and Lysine to Arginine
(K422R NS5), respectively (Table 6).

There are ten variants identified in PO and all passages of Vero but not found in
C6/36. All detected variants have allele frequency less than 0.5%. There are two non-
synonymous variants at nt1505 and nt6698. For variant at nt1505, the amino acid was
changed from Leucine to Isoleucine (L193I Envelope). For variant at nt6698, the variation
detected from PO is difference from Vero. At this position, the amino acid of PO was
changed from Serine to Proline (S108P NS4A), whereas Serine was changed to Threonine
(S108T NS4A) in Vero. The different variants also detected at nt10421 (3'UTR) of PO and

Vero. The detail of variants was shown in table 6.

Six variants were identified in PO and all passages of C6/36 but not found in Vero.
Five of six variants have allele frequency >0.5%. There are three non-synonymous variants
at nt2802, nt2810, and nt4034 which changes amino acid from Alanine to Valine (A128V
NS1), Alanine to Threonine (A131T NS1), and Glutamine to Lysine (Q187K NS2A),

respectively. The detail of variants was shown in table 6.

At position nt3802, the variation was transferred from PO to only P1 of C6/36 but was
found in all three passages, P1, P3, and P5, of Vero.

Table 6. The variations which are transferred from dengue infected patient to dengue

isolated in cell line

Patient (PO) Cell line
Synonymous/
Nucleotide | Amino acid | Nucleotide | Amino acid | Gene R-residue
Non-synonymous
change change change change
Variations found in PO and three passages of both cell line
T 1591 C pP221P T1591C P221P E Synonymous NonPolar-->NonPolar
C2533T S385S C2533 T S385S NS1 Ssynonymous Polar-->Polar
G 2719 A G 100G G 2719 A G 100G NS1 Ssynonymous Polar-->Polar
C3761 T L9 L C3761T L96L NS2A Synonymaous NonPolar-->NonPolar
T 6885 C V20 A T 6885 C V20 A NS4B NoN-synonymous NonPolar-->NonPolar
A 8113 G K180 K A 8113 G K180 K NS5 Synonymaous Basic-->Basic
A 8838 G K422 R A 8838 G K422 R NS5 NON-Synonymous Basic-->Basic
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Patient (P0) Cell line
Synonymous/

Nucleotide | Amino acid | Nucleotide | Amino acid | Gene R-residue

Non-synonymous
change change change change
A 10692 C - A 10692 C - 3'UTR - -
Variations found only in PO and three passages of Vero cell
T511C F25F T511C F25F prM synonymous NonPolar-->NonPolar
A 1315 G G 129G A 1315 G G129 G E synonymous Polar->Polar
C 1505 A L1931 C 1505 A L1931 E non-synonymous NonPolar-->NonPolar
T1873C A315A T 1873 A A315A E synonymous NonPolar-->NonPolar
A 4603 G R 28 R A 4603 G R 28 R NS3 Synonymous Basic-->Basic
T 5084 C L189L T 5084 C L189L NS3 synonymous NonPolar-->NonPolar
T5188 C A 223 A T5188 A A 223 A NS3 Synonymous NonPolar-->NonPolar
T6698C |S108P T6698A | S108T Nsga | MOmSynonymous | Polar->NonPolar

non-synonymous Polar-->Polar
T 10285 C - T 10285 C - 3UTR - -
A 10421 G - A 10421 C - 3'UTR - -
Variations found only in PO and three passages of C6/36 cell
T12G - T12G - 5'UTR - -
C14A - Cl4A - 5'UTR - -
T 2802 C A 128V T 2802 C A 128V NS1 NoN-synonymaous NonPolar-->NonPolar
A 2810 G A131T A 2810 G Al131T NS1 non-synonymous Polar-->NonPolar
C 4034 A Q 187K C4034 A Q 187K NS2A NoN-synonymous Polar-->Basic
A 10686 C - A 10686 C - 3UTR - -

There are 22 variants detected only in all passages of dengue cultured from Vero.

These are Vero specific variants. There are three variants at nt2576, nt5485, and nt5702

have allele frequency >0.5%. Fifteen variants are non-synonymous variations that cause

amino acid changed. The detail of the variations was shown in table 7.

Thirteen variations were identified only in all passages of dengue cultured from the C6/36

cell line. Al 13 variants have allele frequency >0.5%. However, all variants located on the

UTR region, which is the primer binding site of the template preparation step. The minor

allele of all variants is the same in all three passages, except for position ntl7 and
nt10684. The variations found in P1 are G17T and C10684A, but in P3 and P5 are G17A
and C10684G (Table 7).
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Table 7. The variations which are occurred specifically in dengue virus cultured in each

cell type
Nucleotide | Amino acid Synonymous/
Gene R-residue
change change Non-synonymous
Vero-specific variants
T343 A G83G C synonymous Polar-->Polar
T784G All6 A prM Ssynonymous NonPolar-->NonPolar
C 987 A A20E E NON-Synonymous NonPolar-->Acidic
T 2217 A V430 E E NonN-synonymous NonPolar-->Acidic
G 2576 T G53C NS1 NON-synonymous Polar-->Polar
T3747 A L91Q NS2A NonN-synonymous NonPolar-->Polar
T4140 A L4H NS2B NON-Synonymous NonPolar-->Basic
T 4809 A VITE NS3 NonN-synonymous NonPolar-->Acidic
A 4951 G G 144 G NS3 synonymous Polar-->Polar
A 5485 T $322S NS3 synonymous Polar-->Polar
T 5667 A V 383 E NS3 NonN-synonymous NonPolar-->Acidic
T 5702 A Y 395N NS3 NON-synonymous Polar-->Polar
T 6103 A G 528G NS3 Ssynonymous Polar-->Polar
T 6497 A Y 41 N NSAA NoN-Synonymous Polar-->Polar
A 6809 C 118 L 2K peptide | non-synonymous NonPolar-->NonPolar
C689% T H24Y NS4B NON-synonymous Basic-->Polar
T 7623 A L17Q NS5 NON-synonymous NonPolar-->Polar
G9032T A48T S NS5 NON-Synonymous NonPolar-->Polar
T 9933 A V787D NS5 NON-Synonymous NonPolar-->Acidic
G 10068 T W 832 L NS5 NON-synonymous NonPolar-->NonPolar
G 10422 T - 3'UTR - -
A 10598 T - 3'UTR - -
C6/36-specific variants
T3G - 5'UTR - -
T6G - 5'UTR - -
A8T - 5'UTR - -
GOT - 5'UTR - -
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Nucleotide | Amino acid Synonymous/
Gene R-residue
change change Non-synonymous

T10C - 5'UTR - -
C11A - 5'UTR - -
T16G - 5'UTR - -
G17T

- 5'UTR - -
G17A
C 10684 A

- 3'UTR - -
C 10684 G
G 10687 T - 3'UTR - -
C 10689 G - 3'UTR - -
A 10690 T - 3'UTR - -
A 10694 C - 3'UTR - -

Comparison within cell type

The variant comparison between each passage within cell type was aimed for

investigating the genotypic changed, which may be involved with phenotypic change.

In P1, the first passage that the virus from the patient was isolated in C6/36 and Vero cell
line. There are variants found in PO and P1 of cell line, then disappear in P3 and P5. This
set of variants was transferred from the dengue population in patient plasma to dengue
cultured in the cell line. However, these variants were not maintained in the cell line

environment. There are 17 and five variants in P1 of C6/36 and Vero, respectively.

In dengue virus cultured in Vero, the large size of foci with pinpoint foci scatter
around was first recognized in P3 and more obvious in P4 onwards. Therefore, the
variation which firstly occurred in P3 and still maintains in P5 is interesting. There are 19
variants found in P3 and P5 but not be found in P1 of dengue cultured in Vero. All 19

variants are non-synonymous variations and located in the coding region (Table 8).

For dengue cultured in C6/36, the homogeneous pattern of pinhead foci was
observed in P3. The variation that occurred in P3 and still maintained in P5 may link to
pinhead foci. There are six variants detected only in both P3 and P5 of dengue cultured in
C6/36. All six variants located in the coding region. Five of six variants are synonymous

variations (table 8). However, mix pattern of foci between pinhead foci and bigger size of
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foci with pinpoint foci scatter around can be observed in P4 onwards. The specific
variation of P5 that may be related to the bigger size of foci was identified. There are five
P5-specific variations. Three of them are non-synonymous variations located in Envelope,

NS2A, and NS2B gene. The detail of these variants was shown in table 8.

Table 8. The variations which occurred during the phenotypic change in dengue virus

cultured
Nucleotide | Amino acid Synonymous/
Gene R-residue
change change Non-synonymous
Variants only in P3 and P5 of Vero
A 2085 G E 386 G E non-synonymous | Acidic-->Polar
T2241 C V438 A E non-synonymous | NonPolar-->NonPolar
T 3951 C F159S NS2A non-synonymous | NonPolar-->Polar
T 4004 C F177L NS2A non-synonymous | NonPolar-->NonPolar
Ca4410T T94 M NS2B non-synonymous | Polar-->NonPolar
G 4553 A E12K NS3 non-synonymous | Acidic-->Basic
G 6808 A M 17 | 2K peptide | non-synonymous | NonPolar-->NonPolar
C 6993 A T 56 K NS4B non-synonymous | Polar-->Basic
C7140 T P105L NS4B non-synonymous | NonPolar-->NonPolar
C7152T T 109 | NS4B non-synonymous | Polar-->NonPolar
T7163 A L113 M NS4B non-synonymous | NonPolar-->NonPolar
T 7164 C L 1135S NS4B non-synonymous | NonPolar-->Polar
GT7165T L113F NS4B non-synonymous | NonPolar-->NonPolar
GT7172 A V116 M NS4B non-synonymous | NonPolar->NonPolar
T7173C V116 A NS4B non-synonymous | NonPolar-->NonPolar
G 7184 A A120T NS4B non-synonymous | NonPolar-->Polar
C7578T T2M NS5 non-synonymous | Polar-->NonPolar
C7584T AdvV NS5 non-synonymous | NonPolar-->NonPolar
A 9513 G E647 G NS5 non-synonymous | Acidic-->Polar
Variants found in P3 and P5 of C6/36
C501T S221L prM non-synonymous | Polar-->NonPolar
A 690 G E85G prM non-synonymous | Acidic-->Polar
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Nucleotide | Amino acid Synonymous/
Gene R-residue

change change Non-synonymous
G 2718 A G 100 E NS1 non-synonymous | Polar-->Acidic
G 3245 A D276 N NS1 non-synonymous | Acidic-->Polar
T 4004 C F177L NS2A non-synonymous | NonPolar-->NonPolar
T10213C | D880D NS5 synonymous Acidic-->Acidic
Variants only in P5 of C6/36
G15C - 5'UTR - -
C304 A G70G C Synonymous Polar-->Polar
C1710T A 261V E non-synonymous | NonPolar-->NonPolar
A 3963 G Y 163 C NS2A non-synonymous | Polar-->Polar
T4470 C 1114 T NS2B non-synonymous | NonPolar-->Polar

Conclusion and discussion

In the first passage of dengue virus isolation, the patient's plasma was added to
C6/36 and Vero cell. Plasma effect to both cell type, which cause a lot of cell death in
the first passage. Especially for the C6/36 cell line, cell detachment can be observed in
the past two hours after plasma was added. One day after infected with the patient's
plasma, 1x10° C6/36 cell line was added to the dengue culture flask. Therefore, a low
virus titer was produced in the first passage of virus culture, especially for the C6/36 cell

line.

The pattern of foci can be observed from the FFA result of each viral passage. In the
first and second passages, the dengue virus from C6/36 and Vero still produced a similar
pattern of foci. However, the pattern of foci was developed differently since the third
passage. Dengue virus cultured in the C6/36 cell line has a homogeneous foci pattern of
pinhead foci in the third passage. Since the fourth passage, the dengue virus produced
pinhead foci as the main pattern and mixed with bigger foci. For the dengue virus from
Vero cell, large size of foci was observed since the third passage and more obvious in the
fourth passage. After the fourth passage and later, the main pattern of foci produced by
the dengue virus from Vero cell is large foci contained pinpoint foci scatter around and
has some mixed of pinhead foci. The FFA result confirmed that there is a phenotypic

change in dengue virus serially cultured in both cell lines which occurred specifically to
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host environment. However, the phenotypic change in dengue virus cultured in Vero cell

can be observed faster and more obvious than C6/36.

From NGS data analysis, the detected variations from dengue virus cultured in C6/36

and Vero cell consist of:

variations obtained from PO and still conserved until P5 of C6/36 and Vero (table

6)

- variation obtained from PO and found uniquely in dengue virus from each cell

type until P5 (table 6)

- variations obtained from PO and maintained only in the first passage of virus

culture

- New variations occurred specifically in each cell type (cell type-specific variations)
(table 7)

Most of cell type-specific variations that found in dengue virus cultured in Vero cell

are non-synonymous variations. Whereas, all cell type-specific variations found in dengue

virus cultured in C6/36 located in the untranslated region.

Even though the number of transferred variants from PO to C6/36 and Vero cell are
similar, however, dengue virus propagated in Vero cell produced a higher number of new
variants in each passage than C6/36. This data shows that the dengue virus propagated in

Vero has higher genotypic change than the dengue virus propagated in C6/36.

In this study, we attempt to observe the variations which may be related to the
phenotypic change in dengue virus culture. For dengue virus cultured in Vero cell, large
foci were firstly observed in P3. Therefore, the variations that occurred in P3 and still
maintain until P5 may be related to the phenotypic change in dengue virus cultured in
Vero cell. There are 19 variants detected, and all variants are non-synonymous variation
(table 8). Nine out of 19 are located in the NS4B gene. The variation at NS4B-116 has been
reported that 166V variant remain constantly in serial passages in C6/36 cell, whereas
V116M and V116A variant become dominate when serially cultured in Vero cell (20).
Moreover, V116M and V116A variant resulted in enhanced virus growth in human cell and
caused of the appearance of large foci (20). The variations at NS4B T109! and L113F have
also been reported to involve with the enhancement of replication of virus in Vero cell

(20, 21). The variations at NS4B P101L (nt C7129T) of dengue serotype 4, which is related
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to variants NS4B P105L (nt C7140T) of dengue serotype 1, was reported to result in
decreased the replication and infectivity of dengue serotype 4 in C6/36 cell, but
enhanced the replication in Vero and human HuH7 cell (21, 22). In this study, variation
NS4B V116M, V116A, T109I, L113F, and P105L were detected only in P3 and P5 of Vero,
which related to the occurring of large foci in Vero. The variations at nt7165 and nt7173
has been reported that these variations arising when cultured dengue virus in Vero cell

(23).

In dengue virus cultured in C6/36 cell, the pattern of foci can be found since the
first passage is pinhead foci. In P4, the bigger size of foci (smaller than large foci found in
Vero) was firstly detected in C6/36. Therefore, five variants found specifically in
sequencing data of P5 of C6/36 may be related to this foci pattern, especially for three

non-synonymous variations in gene (table 8).

The phenotypic and genotypic information from this study revealed that the dengue
population was selected since the first passage of virus isolation in both types of cell
lines. The comparison between detected variants in dengue cultured in C6/36 and Vero
cell show that dengue virus cultured in Vero cell produced a higher number of new
variants than dengue virus cultured in C6/36 cell. However, for dengue virus isolation in a
laboratory that would like to retain the property of the dengue population from the
patient's plasma, dengue virus isolation should not be cultured beyond the second

passage.

The changing of the dengue population detected in this study was found only in the
minor population. The consensus sequence comparison between PO (from patient’s
plasma) and P1, P3, and P5 from C6/36 and Vero cell show conserved sequences in all

sequencing data, which means that the major populations of all samples are identical.
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