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& Introduction
Why flounder? Why Lymphocystivirus ?

Isolation of virus from lymphocystis
Whole genome shotgun strategy

Assembly
Annotation
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Why Flounder ? & X| =o, fiat fish, flounder
ik

FolF (B) 7kAuE) gA(F) - HIHOF (]) JHX0H(D) EX(SB)

ey o 2F ol (deelF)
= Pleuronetiformes F(goD Pleuronectiformes
— - - Qo) Paralichthyidae
ki Paralichthyidae @zg @A
Fo14 Flatfish EEE] Bastard, Flatfish
Yo Hirame Aol Hirame
sty Paralichthys olivaceus o) Paralichthys olivaceus
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Lymphocystis?
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Lymphocystivirus ?

'Virus Taxonomy* - te et Report of the ICTV, 1995

Adenoviridae

Baculoviridae

Group |: dsDNA Viruses \ Corticoviridae
Fuselloviridae

Group lI: The ssDNA Viruses \ Herpesviridae
Iridoviridae

Group [li: dsRNA Viruses Lipothrixviridae
Myoviridae

Group IV: (+)sense RNA Viruses Papovaviridae

’ Phycodnaviridae

Group V: {-) sense RNA Viruses Plasmaviridae
Podoviridae

Group VI: RNA Reverse Transcribing Viruses Polydnaviridae
Poxviridae

Group VII: DNA Reverse Transcribing Viruses Siphoviridae
Tectiviridae

Subviral Agents: Satellites, Viroids, and Agents of Spongiform Encephalopathies
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Iridoviridae

- a diverse array of large icosahedral viruses

« “rainbow like*

« solated from both invertebrate and
non-mammalian vertebrate hosts

« hosts is the aquatic or moist environment

in which they are found

» Morphology

- large (120 to 300 nm in diameter) non-occluded
viruses with icosahedral symmetry

&F1 . three concentric domains

< | » Fibrillar structures have also been observed protruding
from capsid subunits of LCOV-1, MIV, and CIV, but not
from FV3

+ a single copy linear dsDNA genome that ranges

In size from 150 to 280 kbp depending on viral species

G Vi L H . T N «ICTV list of recognised Iridoviridae b much dat:
enus ernacufar ost species ype species *The wide host range displayed because of their isolation from different hog
name +host of isolation also
Iridovirus Small iridescent Imveriebrates Chilo iridescent 'p“,fa“s m|:f$'":s t:x_om;r:y are only just beginning to be addressed
insect virus (mainly insects) virus (IV6) using mo r techniqu
CHoriidoires | Lrg s | Mosq avomosasio ||y ™ sty
insect virses iridescent vimus
onv
Lymph, Lymph Fish Lymphocystivin | { waz
discase virus stype 1 (LCDV- ™ %
] o
Ranavirus Frog virus Amphibia Frog Virus 3 !
FV3) " Teie i‘_

Iridoviridae

hylogenetic tree by major capsid proteins

AglY 1v3g
29

W24

Bblv

1v22
TIV

Group Hi

Group |

Pjiy
a3t

Group It

LCDY-1

— 147 —



Iridoviridae Taxonomy

viruses

Vernacular Host species | Type species
name

Small iridescent Invertebrates Chilo iridescent virus

insect virus (mainly insects) | (IV6)

Large iridescent Mosquitos Mosquito iridescent

insect viruses virus (IvV3)
Lymphocystivirus %R | Lymphocystis Fish Lymphocystivirus

“{ disease virus type 1 (LCDV-1)

Ranavirus Frog virus Amphibia Frog Virus 3 (FV3)
Goldfish virus 1-like Vertebrates goldfish virus 1

urrent status of genome analysis

Genomes.

The whole genomes of over
900 organisms in Entrez

The genomes represent

both completely sequenced
organisms and those for

which sequencing is in

progress

« All three main domains of life
— bacteria, archaea, and

eukaryota

« many viruses and organelles

sy

J Entrez Genomes statistics
Total species (908)

i

‘I Plasmids
Bacteria f Viroids 34
Eukaryota 112 prchaea 2
172 13

Viruses

V.ro-ds Flasmnds

Total records (1161}

N wﬂl

Eukaryota Bacteri a Hrchaea

96 chramosomes 30 yenomes & genomes
163 orsanclles 165 plusmiddd plasmid
20 plezmids

V iruses
615

2001.10
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Virology 1983 Apr 30 126(2): 486-79

L‘ DV 1 Analysis of the genome of fish lymphocystis disease virus isolated directly from epidermal
tumours of pleuronectes.

Daral G, Anders K. Koch HG, Delius H, Gelderblom H, Samalecos C. Fugel AM.
1
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LCOV 1

el P

Completed: Mar

Accession NT_ (051504
Totel Dases Sequenced 102653 bp

Lymphorystis disease virus 1. complete genome

¥ (DS with gene
and mRNA

¥ gene, tRNA,
promoter.

N Cther fastures

Ret

16, 2001.
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Why LCDV genome of Korean flounder
should be reanalyzed?

1.

Regional variety and host variety

Countries of virus isolation ;

Virus Genus 1 Host ! Country of isolation
TIV (IVI) ! Iridovirus *crane fly * England
SIV(IV2) | Iridovirus | scarebgub  ° Australia
CIV (IV6) ' Iridovirus : rice stem borer Japan
WIV (IV9) 1 Iridovirus porina caterpillar ' New Zealand
CzIV (JVi6) 1 Iridovirus : grass grub New Zealand
vz { Iridovirus black fly Wales
BbIV (1V23) i Iridovirus black beetle : South Africa
V24 (A1V) : Iridovirus honey bee | India
w29 | Iridovirus { meal worm 1 USA
V30 l Iridovirus 1 com earworm ' USA
V3l Iridovirus i woodlice ; UsA
Aglv | Iridovirus ; Velveibean caterpillar | Argentina
PRIV V Iridovirus ' Japanese beetie Azores
LCDV-1 E Lymphocystivirus | flounder World wide

[ |
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Why LCDV genome of Korean flounder
should be reanalyzed?

Genotyping is essential for early detection of outbreak

ox 262 0% WX 100X

L % identity with Cziv
cziy
vz2 ] g
TV
civ T B N

——l region to be ‘4——
amplified

Homologies between invertebrate iridovirus maijor capsid genes.

highlighting the region used for phylogenetic analysis.
Bars represent the major capsid proteins from each virus with greyscales ranging
from black for 100% homology to the CzIV protein to white for 0% homology.

Why LCDV genome of Korean flounder
should be reanalyzed?

Unique genome structure within the eucaryotic viruses
‘terminal redundancy’ and ‘cyclic permutation’

23456778 10
A L2 eraSW

1234567 99 %0 1234567 %9 101234558789 10

>

123456789 1012

3456789101234

o

terminal redundancy ; a complete genome as well as duplicated copies of some genes
cyclic permutation ; The ends of each of these packaged DNAs differs from one virus particle to the next

'u ;’.”é&f
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| Why LCDV genome of Korean flounder
should be reanalyzed?

Little is known about the pathogenesis of iridoviruses

| temperature dependent (poikilothermic hosts)
Why? How?

2. Some iridoviruses are lethal, some are not lethal.
FV3 and LCDV-1 appear to be non-lethal

What differences?

Really nonlethal?

(536 Introduction
Why flounder? Why Lymphocystivirus ?

¥ Whole Genome Analysis of lymphocystivirus
Isolation of virus from lymphocystis
Whole genome shotgun strategy
Assembly

Annotation

& What characteristics ?

e
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Isolation of virus from lymphocystis

« Sucrose density gradient centrifugation

[ 50ug ONA |
« Limited amount of starting material
The first obstacle for whole genome analysis

= QOvercome by amplification of whole genome

using DNA polymerase with strand displacement function

Scheme for multiply—primed rolling circle
amplification using phi29 DNA polymerase

;}‘
&= R N £
- \? T, i;
] S5
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N S . R P
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p “ V, S P ity bt
™, £ , , :;f Wy g
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Mo RN N
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&
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St x - &\
¥ o, B
Fid S
é e
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Amplification of whole viral genomic DNA

Using phi29 DNA polymerase

Primer2

Primer | l

s Whole Genome Analysis of /lymphocystivirus
Isolation of virus from lymphocystis
Whole genome shotgun strategy
Assembly

Annotation

& What characteristics ?
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Strategy for genome analysis

/ \ 1 Whole-genome
Genome ; | Small-insert
! ,—’) )
\\,_/ i libray | Teauenee
1 ~ \—/
- . los !
Large-insert libra Direct whole- Closure i
strategies
genome shotgun .
(according to
strategy "
| Mapping e map)
i
+
—_— Assemb’
Shotgun sequencing -
or partial sequencing Sequences
of each selected Sequences of contigs
large insert of s::all-lnsen
ibrary

Why flounder? Why Lymphocystivirus ?

% Whole Genome Analysis of /ymphocystivirus
Isolation of virus from lymphocystis
Whole genome shotgun strategy
Assembly

Annotation

¥ What characteristics ?
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Installed assembly system
Finch—Suite™

External DNA and
Proteins sequences
Chromatograms Reads/Contrig/
(Req“es“v Reads / Qualities > ( Reads ) Groteins sequenceS>

Data Repository
Manager

A A

Sequencing Request Chromatogram Assembly BLAST Search Data
Manager Manager Manager Manager

Instrument 1
Manager
A
Sample Sheets ; <Chromatogram ' Contig Search Result

Sequencing
Instrument

! Data / Information Flowﬁ

BaseCalling -1

Using Phred

Select Good Candidate for Assembling
— Trimed length
— Quality Check
— Is Vector
— Short Insert
— Screen Pos
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Reads Assembly -1

Using Phrap

Contig Quality Check
— Consecsus Quality

— Discrepancy Quality
— Coverage Depth

Pilot Mapping
For Mutiplex PCR

Mapping to Reference Sequence

— Pairwise Alingment
* ClustalW
* BL2SEQ

Iu ?‘ From U.S. Department of Energy Human Genome Program
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Pilot Mapping Results

s rmeannnm

Conre-at pw0GIY
lizism. 24 coOT TS

Y G sr (prones
I Camewrcronsan

gl 9625413 rafuc 0O1824. 1
———

Lymphocystis disease virus (LCDV) Contigs Position

V.15 .previous M~
(z6~170}
V.E70 previous .My -+
t0-548)
V.ET1 . previous . MI -+
(63-842)
PR

V_EIS.previous My -

t2r-3211 ——

Cen-59 328]
OFSE — Tiseg

Contig A

Férifr/ler F Primer R
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EcoRI (56438)

‘

! EcoRI (64199)
I

i mep{Contigd1)
L i EcoRI (75693)
1 ; i‘ Eco RI(77105)
Eco RI (25886) b \" Eco R (87770)
Eco RI (24025) E ; ,‘ { EcoRI(88117)
Eco RI (17279) Eco RI (47920) (\ ; 5 Eco RI (90392)
EcoRI (3723) EcoRI (41924) P Eco RI (98460)
: L4 L L .
i Fh I i i i

gi 9695413 mcp
102653 bp

Reference Seq. Multi_fasta file

Format db mfsa2fsa

gt gt

Blast db files Single fasta file

<:II

it

Bl2seq resuits

Draw refmap

Pdf file
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% Whole Genome Analysis of lymphocystivirus
Isolation of virus from lymphocystis
Whole genome shotgun strategy
Assembly

Annotation

& What characteristics ?

Annotation strategy—1

Construction Local DB

High—-throughput Genome Analysis of Complete Genomes
Finch-Suite | [ Genomic homology 08 | | Parser / DBI |

~—1

In—house r
sequenced genome
[ Homology cluster
complete genomes
Integration of I Visualization ’\
public tools
Gene Sequence
prediction similarity search
Structure DB Retrieval
similarity search Interface
J
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Annotation strategy—2

External |
bicinformatics
tools
=D
= D
D D

Input module

Pedant-Pro

Bloinformatics inferface Parset
Orpheus  Blast HMMVER BLIMPS  Pradator Orpheus
oD Gewper b Wapw  wrapow frie

Processing engine

1l

Parsing engine

Primary data tebles. Secondary data tables
g o FEER SR i

)
€GBl acripts, JavaSeript

rs [ s o, s

of
Searcn Hap

Bast  HMMER  BULPS  Predator
arser  parer parvor | parser

Parsad ouput
ue!
rehods.

tanuzl
annotation

PEDANT Web interface

Dataset pverview

Catalogues,tables DNA/protein viewer Report page Nawigation strip
General ¢ DR VEWER: { SHOTEN ViEwER]
infarmation — o
fyrmm .
Jome :maerm‘mamonoc\samowm-m-mv-mmmm
fr e
Y il
Tille: gi, 9945820 DNA potyma ase JH, beta chain [Paeudomonas aeruginoss]
Search
= Lintacmin o T h

© LBpramas
= L Emienrk

Protein function

Protwin structure

+ (poam
G eyl

General properties

Langn(x) *
Moltobe wight ;
(02) R
Issthectric poimt 51
Coiig e Puresginnsa
Pormin W3
TG contem % e
Protein function
Closast hoasisgne  THENMBLNEY, TREVELALOMAN 2 gewe: diadl’s preduct: TNA p W e
(BLASTY) mﬁnm-@umurm,m\uwo{mm,u
60%s COGHOE DR prlyseass B bats subunk jo- 182
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Comparison of MCP
type strain and test strain

 Type strain » Test strain

Cuplenent(TI38. 7274} T ot Predichd ort
e 1T
I1atee ; - .
s r}uwl-rx:t kﬂ"ﬂﬁﬁ‘”‘ —
; Lo ¢
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£, g
14 e
S somem 181
By ouer ot . ncanar
STRLD e et e
1175 ] o =
EmEr el
ORI

Sy

Binet 2 Sequences results

PRI DI DAY

e Wi w1 W ey e

o, \3anarmm TrewY
praghillls R I N Y
T e T T I S T T ]

MCP ORF Predicted by PEDANT
e MCP 2

Ganeral properves

e MGP 1 |

- AL sl Qa2 1| (001 £20) mala cowaid e Lymobacynes wazess s ]
CISSTImOME e KDY et oot trmssacids Sleved o i Wb} S| ARCZA0 21
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bite (§7). Supeoct = 2w
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BLAST 2 SEQUENCES RESULTS VERSION BLASTN 2.2.3 [Apr-24-2002]
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Comparison of NCBI annotation and
PEDANT using the genome of type strain
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What characteristics ?

Enough homology with LCDV1 type strain
= to define the microbe we analyzed is
‘Lymphocystivirus’

« Enough discrepancy with LCDV1 type strain
= to define the microbe we analyzed is

a new strain different from type strain

[—_—_> LCDV-K1

The first Korean Lymphocystivirus analyzed in whole genome scale

2
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Analysis of base composition and
oligonucleotide composition

-
|
e

1-mer analysis

1-mer

Frequency

36102

15043

14799

ml0]lelhe

36709

LCDV -Whole(1-mer)

oA
mC.
aG!
oT

g

LCDV-Whole(1-mer)

H

0 10000

20000 30000 40000
Frequency '
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2-mer analysis

2-mer | Frequency
AA 14312
AC 5437
AG 4191
AT 12162
CA 5648
CC 2523
CG 2634
CT 4238
GA 4359
GC 2715
GG 2296
GT 5429
TA 11783
TC 4368
TG 5677
17T 14880

LCDV ~Whole(2-mer}

BAA |

Gl
Pattern
CcG

Frequency.
5685 GAA 1729
2303 GAC 507
1453 GAG 407
4871 GAT. 1626
2161 GCA 877
1057 GCC 479
976 GCG 514
1253 GCT 845
1405 GGA 584
850 GGC 434
595 GGG 300
1341 GGT 978
3830 GTA 1740
1666 GTC 596
1769 GTG 774
4897 GTT 2319
2016 TAA 4882
831 TAC 1706
964 TAG 1367
1837 TAT 3828
964 TCA 1656
326 TCC 661
536 TCG 608
697 TCT 1443
640 TGA 1730
492 TGC 939
518 IGG 882
984 TGT 2126
1338 TTA 4875
456 TTC 1650
955 TG 2179
1489 TTT 6175
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o 2000 4000
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Annotation Results

612275414195 | L8354 . 1 | CTSCE T Lvanbocyst s Qisease virus 1, complete penoms
Length « 102653

Score = 151 bits (76), Expect = be-!

Distribution of 38 Blast Hits on the Query Sequen:

&)
Identities = 143/172 (86%), Gaps = L7172 (0%)
Strand = Plus / Mims

- - - 59
[Mouse-over ta show defline and scores. Click to'show alignments s T R O TR
Color Key for Alignment. Scorex Shyet: 72T T
5080
Qery: & 1
119306, " HEHT TETECTONT 00T TR TR
o Shict: 72849 5%
b m
ATOTTE TR TR TE LT T 1
53]
Score = 48.1 bits (24), Bxpect = 0.007
Identities - 57/6A (83%)
Score  E Strand = Plus / Plus
Sequences producing significant alignuents: (bits) Value
Query: 20 9
9112276414 gb{163545 11CYSCE L is disease virus 1, ... 151 6e-34 AT T T T T BT R TII i
§1118403100kref [NN_103934,11 irebidopsis thaliana unknown p... 4z 0.41 &5 78 e
91]1232232319b1AC079279.414C079279 Arabidopsis thaliama chr... 42 0.4l
916227026 gblAC012561.21AC012561 irabidopsis thaliana chro... 42 0.4 : 0 mﬁm ke
9112429504 19b1AF025467.11 Caenorhabditis elegans coswid B14... 43 1.6 Shjct: 71603 stoatatt 71616
§1121214509]9b{iY¥110300.1( 2ea mays CL4320.1 ARl sequence 40 18
91[1974723619b14C067854.14| Homo sapiens chromosome 8, clon... 40 1.6
91118584603]gb14€027013.7! HKowo sapiens chromosome 15, clon... 40 1.6
Brrrrrreerrwetrroeere e i

Score = 48.1 bits (24), Bxpect = 0.007
ldentities = 30/32 (83%)
strand = Plus / Plus

Query: 205 aattcaaatttttgageatctttataaccapa 237

What characteristics ?

Results from the annotation of LCVD-K1
ill be presented at the workshop.

» This work is supported by the research grant of
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