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Impact of corn & wheat viruses in Ohio

CORN

maize dwarf mosaic virus
(MDMYV) and maize
chlorotic dwarf virus
(MCDV) have been the
most common viruses in
OH

Yield losses due to viruses
were devastating in 1960s-
1970s, control measures
implemented

WHEAT

Sporadic disease problems,
dependent on weather and
vector populations

Many wheat viruses, few
control measures:
luteoviruses, wheat streak
mosaic virus, soil-borne
wheat mosaic virus, wheat
spindle streak mosaic virus



Part I: Ohio wheat virus survey

*Ohio is the top U.S. producer of
soft red winter wheat used for
cakes, cookies, and crackers.

eOhio Small Grains Marketing
Program funded survey with co-Pls
Pierce Paul and Feng Qu (OSU)

Experimental design:

Collected samples from each of 27

Sl field locations in 14 Ohio counties, 2
fields/county except Wayne.

At each field, collected 4 samples:

2 wheat samples as symptomatic as
possible

1 asymptomatic wheat sample

1 pool from adjacent non-wheat
weedy grasses




Field selection: good, bad & ugly

Of 27 field sites, three were volunteer fields and two were adjacent planted/volunteer fields






More potential virus symptoms

e —




By the numbers: wheat virus survey

Raw or demultiplexed data

l 180,000,000 bp single end reads

Trim bad reads, polyA and adapter sequences

176,000,000 bp l

Remove duplicate reads

l 56,700,000 bp unduplicated reads

De novo assembly

Only about 50% assembled.
176,729 contigs, avg. length 387

Tblastx against ncbi virus database

l 27,259 hits

Sort results by e-value and choose plant virus sequences

175 plant virus hit contigs, hit length > 150



Wheat virus survey results virus query
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and Tao et al.
(2012) Arch
Virol 157:1261-
1267.



Results summary

VIRUS sequence match

(tblastx)

# of
contigs

Avg. hit
length (nt)

Transmission

Confirmed in
wheat (RT-PCR)

Locations

Barley stripe mosaic 0 N/A Seed untested B(weeds), G
virus (BSMV) (weeds), O (weeds)
Barley yellow dwarf 33 318 Aphids Yes All
virus (BYDV; all strains)
Brome mosaic virus 5 1225 Unknown Untested® Untested
(BMV)
Cereal yellow dwarf 25 593 Aphids Yes All
virus (CYSDV; all
strains)
Oat necrotic mottle 1 5328 Unknown Untested? Untested
virus Type-NE
Ryegrass mosaic virus 4 1460 Eriophyid mite Yes C (weeds), D, N
(RGMV-AV) (weeds), S
Soil-borne wheat 2 4642 Soil protozoan Yes R, T
mosaic virus (SBWMV) Polymyxa

graminis
Sugarcane mosaic virus 2 243 Aphids No None
(scmv)
Wheat mosaic virus 5 499 Eriophyid mite Yes H, K, W
(WMoV; emaravirus)©
Wheat streak mosaic 23 403 Eriophyid mite Yes E, K
virus (WSMV)
Wheat yellow dwarf 2 250 Aphids Untested Untested

virus (WYDV)

bWheat is reported to be immune to this virus http://www.dpvweb.net.
CIncludes all related virus (emaravirus) sequences since complete genome of High Plains virus is not

yet reported.



http://www.dpvweb.net

Agent of High Plains disease in Ohio
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Positive samples

Transmitted to sweet corn in the lab

Miami, Auglaize, and Paulding county samples positive. Paulding and part of Auglaize plots
were volunteer wheat.



Wheat mosaic virus (High Plains virus)

High Plains Virus (HPV)

Taxonomic Rank: Viruses: Unassigned Viruses: Unassigned Viruses: Unassigned viruses: Uncharacterised virus
NAPIS Code: FVHPVAA

Distribution
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http://www.prevalentviruses.org/subject.cfm?id=14592
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Project goals:

e Determine whether MCDV and MDMYV are still
found in Johnsongrass, sweet corn, and field

corn

 Collect materials that can be used to assess
the sequence diversity of viruses.
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Virus Symptoms
Sweet corn in Ashville




MCDV
distribution
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MDMV
distribution
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2011
ELISA
results
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Darbyville
Darbyville
Darbyville
Ashville

207x23
Chillicothe

Friendship

Friendship
Marietta
Marietta
Lowell
Portland
unknown
Letart Falls
Letart Falls
Racine

Marietta

TOTAL:

0/6 2/6
0/8 5/8
0/10  8/10
1/4 2/4
0/3 1/3
9/11  5/11
2/13  4/13
0/10  9/10
1/10  10/10
0/2 0/2
0/10  5/10
1/2 1/2
1/10  2/10
1/4 1/4
4/4 2/4
4/8 8/8

24/118 60/118

2 (both
MDMV)

5 (2 MDMV)
7 (6 MDMV)
3 (all MDMV)
0
7 (2 MDMV)
0

4
0
0
0

30

5 (2 infected MDMV)
6 (5 infected MDMV)

O N B B

8 (6 infected MDMV)

o

4 (none co-infected)

1 2

[EEN

11 (5 MCDV only, 2 MDMV only, 4
co-infected)

8 (2 MCDV only, 2 MDMV only)
3 (all MDMV)

7 (6 MDMV only, 1 co-infected)
0

5 (3 MDMV)

2 (none co-infected)

6 (1 MDMV only, 1 co-infected)
4 (none co-infected)

4 (all MCDV, 2 co-infected)
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(2 MDMV) 6 (all MDMV, 4 co-infected)
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Insects trapped (A. = Aphids ; G. = Graminella) and ELISA data for MDMV-A, MCDV, SCMV, P. stewartii in Sweet corn,
Johnsongrass and field corn samples (2012)

*No field found

Table 2: Insects trapped (A. = Aphids ; G. = Graminella) and ELISA data for MDM V-4, MCDV, SCMV, P. stewartii in Sweet corn, Johnsongrass and field corn samples (2012)

*No field found

2012 ELISA results

# Near Insects Johnson Grass Sweet corn Field corn Total
trapped samples
MDMV-A MCDV | SCMV P.stewartii MDMV-A MCDV SCVM | P.stewartii | MDMV-A MCDV SCMV P. stewartii per
TG location
AA Darbyville - - 0/1 0/1 1/1 0/1 1
BB Ashville - - 0/1 0/1 0/1 1/1 0/3 0/3 0/3 0/3 4
CcC Ashville - + 2/2 1/2 1/2 0/2 3/3 0/3 1/3 0/3 5
DD Waterly - - 1/1 1/1 0/1 1
EE Waterly - + 1/1 1/1 0/1 0/1 2/3 0/3 0/3 0/3 4
FF | Friendship | - | + 5/8 0/8 0/8 0/8 8
GG Friendship | + - No symptoms found 4/9 0/9 0/9 0/9 9
HH | Wheelersburg | + | + 3/5 2/5 0/5 0/5 4/5 1/5 0/5 0/5 10
1 Wheelersburg | + - 1/1 1/1 0/1 0/1 717 0/7 0/7 0/7 8
JJ Marietta + - 3/3 1/3 0/3 0/3 8/8 0/8 0/8 0/8 11
KK Marietta - + 1/2 072 0/2 0/2 9/9 0/9 0/9 0/9 11
LL Coal Run - - 0/2 0/2 0/2 0/2 3/6 0/6 0/6 0/6 8
MM Portland - + 2/3 0/3 0/3 0/3 6/7 0/7 0/7 0/7 10
NN Letart Falls | - + 1/3 1/3 2/3 0/3 0/2 0/2 0/2 0/2 5
Total infected samples 12/ 33 8/33 1/33 1/33 42/56 1/56 1/56 0/56 3/6 0/6 0/6 0/6 95

Table by R. Teplier, ,2012




By the numbers: Ohio corn & Johnsongrass

Raw or demultiplexed data

!

Trim bad reads, polyA and adapter sequences

!

Remove duplicate reads

l

De novo assembly

42,961 Jg sample contigs l 20,055 corn sample contigs

Tblastx against ncbi virus database

!

Sort results by e-value, hit length > 150 nt, and key terms
Choose plant virus sequences

385 Jg plant virus-hit contigs 195 corn plant virus-hit contigs



RNA-Seq Johnsongrass samples

37 MDMV-hit contigs
6 MCDV-hit contigs

Greatest hit le Query
121016_1_two_Johnson_grass_GTCCGC_L003_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contlg 166
121016_1_two_Johnson_grass_GTCCGC_L003_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 58

121016_1_twa_lohnsen_grass_GTCCGC_L003_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 187
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LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 56
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 43
LD03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 18
L0D03_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired)-1 without duplicates contig 131
LDO3 _R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 953
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed ({paired)-1 without duplicates contig 57
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 82
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 10028
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 1120
LD03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 135
L0D03_R1 (paired) trimmed (paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 531
LD03_R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 132
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 5600
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 27043
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 10025
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 955
LDO3_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 8877
L0D03_R1 (paired) trimmed (paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 26378
LDO3 R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 2043
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 2293
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 11
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 75
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 797
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 14052
LD03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 55
L0D03_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired)-1 without duplicates contig 137
LD03 _R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 39221
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 490
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 13621
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 15
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 433
LDO3_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 5286
L0D03_R1 (paired) trimmed (paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 18194
LD03 R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 20136
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 34710
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 16
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 279
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 545
LDO3_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 35542
L0D03_R1 (paired) trimmed (paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 3919
LD03 R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 21037
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 15%
LO03_R1 (palred) trimmed {palred) trimmed {paired) trimmed (paired)-1 without duplicates contlg 1098
L003_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 1511
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 5359
L003_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 23123
LDO3_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 114
L0D03_R1 (paired) trimmed (paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 20886
LD03 _R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 39120
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 6092
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 2167
L003_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 2252
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 40658
LDO3_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 4577
L0D03_R1 (paired) trimmed (paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 153
LDO3 R1 (paired) trimmed {paired} trimmed {paired} trimmed {paired)-1 without duplicates contig 8861
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 8474
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 3162
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 4169
LO03_R1 (paired) trimmed {paired) trimmed {paired) trimmed (paired)-1 without duplicates contig 28422
LDO3_R1 (paired) trimmed {paired) trimmed {paired) trimmed {paired)-1 without duplicates contig 24808
L0D03_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired)-1 without duplicates contig 204
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Mailze chlorotic dwarf virus isolate M1, complete genome

Malze dwarf mosalc virus polyprotein, isolate MvDB01, genomic RNA

Maize chlorotic dwarf virus strain Severe, complete genome

Malze dwarf mosalc virus polyprotein, isolate MvDBO1, genomic RNA

Maize dwarf mosaic virus polyprotein, isclate MvOB01, genomic RNA
Raphanus sativus cryptic virus 3 segment 1, complete sequence
Grapevine leafroll-assoclated virus 2 isolate GLV2 1050-02 polyproteln {OR
Mailze chlorotic dwarf virus Isolate M1, complete genome

Malze dwarf mosalc virus isolate Italy, complete genome

Malze dwarf mosalc virus polyprotein, isolate MvDB01, genomic RNA

Maize dwarf mosaic virus from Argentina polyprotein gene, partial cds
Malze dwarf mosaic virus isolate Golestan, complete genome

Carnation necrotic fleck virus isolate Yunnan heat shock protein 70-like prc
Malze dwarf mosaic virus Isolate Italy, complete genome

Malze dwarf mosalc virus partial gene for polyprotein, P1-helper componen
Sugarcane mosalc virus isclate ARG-1662, complete gencme

Scalllion mosalc virus, complete genome

Maize dwarf mosaic virus partial gene for polyprotein, P1-helper componen
Canna Yellow Streak Virus from United Kingdam, complete genome

Maize dwarf mosaic virus isolate OH-1, complete genome

Grapevine leafroll-assoclated virus 2 Isolate PG11 heat shock protein 70, h
Sugarcane masalc virus isclate BDS, complete genome

Grapevine fleck virus Isolate BF coat protein gene, complete cds
Grapevine fleck virus Isolate SK18 coat protein gene, partial cds

Barley yellow dwarf virus-PAY isolate Yaz-1194 RNA-dependent RNA polym
Sugarcane mosalc virus isolate Onlo, complete genome

Apple chlorotic leaf spot virus MP gene for movement protein, complete cd
Potato virus ¥ gene for polyprotein, genomic RNA, [solate SON41

Malze dwarf mosalc virus polyprotein, isolate MvDB01, genomic RNA

Malze dwarf mosalc virus Isolate OH-2, complete genome

Malze dwarf mosalc virus Isolate Golestan, complete genome

Sugarcane mosalc virus isclate BDS, complete genome

Maize dwarf mosaic virus polyprotein, isolate MvOBO1, genomic RNA

Malze dwarf mosalc virus partial gene for polyprotein, P1-helper componen
Sugarcane mosaic virus isolate SCMV-5D, complete genome

Malze dwarf mosalc virus Isolate Golestan, complete genome

Grapevine fleck virus Isolate SK2% coat protein gene, partial cds

Malze dwarf mosalc virus Isolate Golestan, complete genome

Canna Yellow Streak Virus from United Kingdom, complete geneme
Pineapple bacilliform comosus virus, complete genome

Celery mosaic virus [solate California, complete genome

Citrus yellow mosaic virus Isolate AL, complete genocme

Stilbocarpa mosalc bacllliform virus polyprotein gene, partial cds

Malze dwarf mosalc virus Isolate OH-1, complete genome

Malze dwarf mosalc virus polyprotein, isolate MvDB01, genomic RNA
Claver yellow veln virus genomic RNA for polyprotein, complete cds
Pineapple bacilliform virus DNA for RT and RNaseH genes, partial

Tomato black ring virus isolate M) segment RNA-2, complete sequence
Pineapple bacilliform virus DNA for RT and RNaseH genes, partial
Cocksfoot streak virus, complete genome

Potato leafroll virus genes for 28K, 70K, 17K and 53K proteins, RNA-depen
Malze chlorotic dwarf virus Isolate M1, complete genome

Oat blue dwarf virus complete genome

Sugarcane mosaic virus isclate SCMV-5D, complete genome

Gossyplum punctatum mild leaf curl virus [Gossypium lobatum] isolate Lot
Rice tungra bacilliform virus Chainat isolate, complete genome

Sarghum mosaic virus strain H, complete genome

Acanthocystis turfacea Chlorella virus 1, complete genome

Dasheen mosalc virus partial CP gene for coat protein, genomic RNA, isolal
Grapevine fleck virus Isolate SK29 coat protein gene, partial cds

Pineapple bacilliform virus DNA for RT and RNaseH genes, partial

Citrus tristeza virus genomic RNA, complete genome, seedling yellows stra
Malze dwarf mosaic virus isolate OH-1, complete genome

Lausannevirus isolate 7715, complete genome

Cymbidium mosalc virus clone NJ-1, complete genome

Choristoneura fumiferana defective nucleopolyhedrovirus complete genomi
Turnip yellow mosaic virus Club Lake isolate, complete genome

Sorghum maosale virus strain H, complete genome

Maize chlorotic mottle virus 32 kDa protein, P111, 50 kDa protein, P31 pro
Malze dwarf mosalc virus RNA, complete sequence
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RNA-Seq corn samples

Query

121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LOD3_R1
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LO03_Ri
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LOO3_R1
121016_LS_GGCTAC_LO03_R1
121016 LS GGCTAC LOO3 R1

paired) trimmed (paired) Yrimmed (paired) trimmed
paired) trimmed (paired) trimmed (paired) trimmed
paired) trimmed (paired) trimmod (paired) trimmed
paired) trimmed (paired) Yrimmed (paired) trimmed
paired) trimmed (paired) trimmed (paired) trimmed
paired) trimmed (paired) trimmed (paired) trimmed
paired) trimmed (paired) Yrimmed (paired) trimmed
paired) trimmed (paired) rimmed (paired) trimmed
paired) trimmed (paired) rimmed (paired) trimmed
paired) trimmed (paired) Yrimmed (paired) trimmed

aired) rimmed (paired) trimmed (paired) trimmed

paired) without duplicates contig 10
paired) without duplicates contig 24
paired) without duplicates contig 27
pairad) without duplicates contig 147
paired) without duplicates contig 11
paired) without duplicates contig 3953
paired) without duplicates contig 54
paired) without duplicates contig 1
paired) without duplicales centig 82
paired) without duplicates contig 116
ired) without duplicates contig 142

32 MDMV-hit contigs

Number Lowesl E-v Accession | Deseriplon (E-value)

1221
2187
97
718
1081
408
657
1154

cocooclocoocoa

JO403808 Maize dwarf mesaic virus solale OH-1, complele genome

JO403609 Matze dwarf mosaic virus isolate OH-2, complete gename

FMBB3164 Matze dwarf mosaic virus pelyprolein, isolate MvIB01, genomic RNA
JO403808 Maize dwarf mesaic virus solale OH-1, complele genome

JOZB0313 Maize dwarf mosaic virus isolale Golestan, complete genome
EF546442 Plum bark necrosis and stem pitting-associated virus, complete genorn
FMBB3164 Maize dwarf mesaic virus polyprotein, isolate MvO801, genomic RNA
JO403608 Maize dwarf mosaic virus isolate OH-1, complele genome

FMBB3164 Maize dwarf mesaic virus pelyprolein, isolate MvIB01, genomic RNA
JO403808 Maize dwarf mesaic virus solale OH-1, complele genome

DOA73168 Matze dwarf mosaic virus from Argentina polyorotein gene, parlial cds

Greale Aceession | Deseripton (identity %)
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100
100
a8
100

100
100

1)
100
100

HES73847
JO403609
FMBA3164

Maize dwarf mosaic virus pi
Maize dwarf Mosaic virus is
Maize dwarf mosaic virus g
JO403608 Maize dwarf mosaic virus is
JOZB0313 Maize dwarf MOSAIC virus is
HMSB1659  Cucurbit chlorotie yellows vi
HES73521 Maize dwarf mosaic virus pi
JO403608 Maize dwarf mosaic virus is
FMBB3164 Maize dwar! mosaic virus p
JO403608 Maize dwarf mosaic virus is
DE73169 Maize dwarf mosaic virus fn

0 MCDV-hit contigs
5 emaravirus-hit contigs

Greales Acos:ssion 1 Deseriplion (po Grealest hil length A

100
100
100
100
100
100
100
100
100
100
100

JO403608
JQ403609
FMBHE3164
JO403608
JQ280313
HOT04803
FMBB3164
JO403608
FMBB3164
JO403608
DO873165

Maize dwarf mi
Maize dwarf mi
Maize dwarf mi
Maize dwarf mi
Maize dwarf mi
Organic Lake ¢
Maize dwarf mi
Maize dwarf mi
Maize dwarf m
Maize dwarf mi
Maize dwarf mi

2316 N
2169 M
1689
1686 M
1583 M
1476 G
1473 U
1416 M
1407 F
B76 M
801 D

121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) kimmed (paired) trimmed {paired) without duplicales contig 445

121016 LS GGCTAC LO03 RA (paired) trimmed (paired) trimmed (paired) trimmed (paired) without duplicates contig 12841

-1
9.81E-135

AM411003
AY149118

Tobaceo vein distorting virus cp gene for coal prolein, isolate BShS, ge
Sugarcane mosaic virus isolate SCMV-S0, complete

Nome

83
100

JNIT1TER
JX 185385

Synechocoecus phage S-M
Sugarcane mosaic virus iso

100
100

JN3T1TEB
DO3E60

Synechocecou:
Sugarcane mo:

121016 LS GGCTAC_L003 R1
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LO03_R1
121016_LS_GGCTAC_LO03_R1

paired) trimmed (paired) trimmed (paired) trimmed
paired) trimmed (paired) trimmed (paired) trimmed
paired) trimmed (paired) trimmed (paired) trimmed
paired) trimmed (paired) trimmed (paired) trimmed
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 36
121016_LS_GGCTAC_LOO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 23
121016_LS_GGCTAC_LO03_R1 (paired) rimmed (paired) trimmed (paired) trimmed {paired) withou! duplicates contig 228
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) Irimmed (paired) trimmed {paired) without duplicates contig 16440
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) rimmed {paired) without duplicates contig 8887
121016_LS_GGCTAC_LO03_R1 (paired) trimmed {paired) rimmed (paired) trimmed {paired) without duplicates contig 161
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 57
121016_LS_GGCTAC_LOD3_R1 (paired) trimmed (paired) rimmed (paired) rimmed {paired) without duplicates contig 1287
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmed {paired) witheut duplicates contig 9158
121016_LS_GGCTAC_LO03_R1 (paired) trimmed {paired) rimmed (paired) trimmed {paired) without duplicates contig 1814
121016_LS_GGCTAC_LOD3_R1 {paired) trimmed (paired) trimmed (paired) trimmed {paired) without duplicates contig 10634
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates centig 488
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 40
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) wihout duplicates contig 4780
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed {paired) without duplicales contig 44
121016_LS_GGCTAC_LO03_R1 (paired) trimmed {paired) Irimmed (paired) trimmed (paired) without duplicates contig 15955
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 53
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired) without duplicates contig 1683
121016 LS GGCTAC LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmed {paired) withou! duplicales contig 9527
121016_LS_GGCTAC_LO03_R1 (paired) trimmed {paired) Irimmed (paired) trimmed {paired) without duplicates contig 11240
121016_LS_GGCTAC_LO03_R1 (paired) timmed (paired) trimmed (pared) trimmed {paired) without duplicates contig 18534
121016_LS_GGCTAC_LO03_R1 (paired) trimmed {paired) trimmed (paired) trimmed {paired) withoul duplicates contig 11264
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired) without duplicates contig 243
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired) without duplicates contig 10331
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed {paired) without duplicates contig 2600
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) trimmed (paired) trimmed {paired) without duplicates contig 2821
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmead (paired) without duplicates contia 11936
121016_LS_GGCTAC_LOO3_R1 {paired) trimmed (paired) trimmed (paired) trimmed (paired) without duplicates contig 13727
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) trimmed (paired) trimmed {paired) without duplicates contig 15860
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) rimmed {paired) without duplicates contig 8807
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed {paired) without duplicates contig 1382
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmed {paired) without duplicates contig 158851
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) Irimmed (paired) trimmed {paired) without duplicates contig 2231
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates centig 4054
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) Irimmed (paired) trimmed {paired) without duplicates contig 16758
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) Irimmed (paired) trimmed {paired) without duplicates contig 19499
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) trimmed (paired) trimmad (paired) without duplicates contig 3001
121016_LS_GGCTAC_LOO3_R1 {paired) trimmed (paired) trimmed (paired) rimmed {paired) without duplicates contig 11852
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 13833
121016 LS GBCTAC_LO03_R1 (paired) lrimmed (paired) rimmed (paired) trimmed {paired) without dupiicates contig 15024

paired) withoul duplicates contig 220
paired) without duplicates contig 497
paired) without duplicates contig 543
paired) without duplicates contig 143

121016_LS_GGCTAC_LOD3_R1 (paired) trimmed {paired) trimmed (paired) trimmed {paired) withou! duplicales contig 6208
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) Irimmed (paired) trimmed (paired) without duplicates contig 18265
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed {paired) without duplicates contig 380
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmed {paired) without duplicates contig 6302
121016_LS_GGCTAC_LO03_R1 (paired) trimmed {paired) trimmed (paired) trimmed {paired) without duplicates contig 10330
121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) rimmed (paired) trimmead {paired) without duplicates contig 13085
121016_LS_GGCTAC_LOO3_R1 (paired) trimmed (paired) trimmed (paired) trimmed (paired) without duplicates contig 18456
121016_LS_GGCTAC_LO03_R1 {paired) trimmed (paired) rimmed (paired) trimmed (paired) without duplicates contig 1580
| 121016_LS_GGCTAC_LO03_R1 (paired) trimmed (paired) timmed (paired) trimmed (paired) without duplicales eontig 1789
121016_LE_GGCTAC_LOO3_R1 (paired) trimmed (paired) trimmad (paired) trimmad (paired) without duplicates contig 12203
121016_LS_GGCTAC_LO03_R1 {paired) lr mmed :paumd;lrmmed (paired) trimmed {paired) without duplicates contig 374
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HES573864 Maize dwarf mosaic virus partial gene for polyprotein, P1-helper comps
JO2B0313 Maize dwarf mosaic virus isolale Golestan, complele genome
JK1B5302 Maize dwarf mosaic virus isolale ltaly, complete genome

DQAT3169 Malze dwarf mosaic virus from Argentina polyprotein gene, partial cds
JX1B5302 Maize dwarf mosaic virus isolale Italy, complete genome

JO403608 Malze dwarf mosaic virus isolate OH-1, complels genome

ABO11818 Clover yellow vein virus genomic RNA for polyprolein, complete cds
GO329864 Cassava brown streak virus strain Tanzanian, complete genome
AB45371 Apple stem pitting virus gene far RNA polymerase, complete cds
JX1B5302 Maize dwarf mosaic virus isolale ltaly, complete genome

GO42168% Canna Yellow Streak Virus from United Kingdom, complete genome
EF012721 Grapevine leafroll-associated virus 2 isolate PV20 heal shock pratein |
JX1BB3B5  Sugareane mosaic virus isolate Ohio, complete genome

HESTH8ST Mesta yollow vein mosaic virus complete genome, clane FQ-1
AFODE733 Sugarcane mosaic virus coat protein gene, partial cds

FMBB3164 Maize dwarf mesaic virus pelyprolein, isolate MvIB801, genomic RNA
JX1B5302 Maize dwarf mosaic virus isolale Italy, complete genome

HM346851 Cassava brown streak virus isolate Namulonge2-1 palyorotein gene, p
AJOIEN Maize dwarf mesaic virus RNA, complele sequence

DOQ35ES13 Tomato yellow leaf curl Mali virus-[Ethiopia) segment DNA-A, complate
DOATIES Maize dwarf mesaic virus from Argentina palypratein gene, parbial cds
FMBE3164 Malze dwarf mosaic virus polyprolein, isolate MvI801, genomic RNA
US7360  Serghum masaic virus strain M polyprotein mRNA, partial cds
AJBBOZ27 Sri Lankan cassava mosaic virus acl gene, ac2 gene, acd gene, acd ¢
EU024678 Rose spring dwarf-associated virus, complete genome

JN021833 | Sugarcane mosaic virus isolale BDB, complele gename

JO403808 Maize dwarf mesaic virus solale OH-1, complele genome

GO47T5303 Calicivirus isolate Geel 2008/Belgium non-structural polyprotein gene,
AM110T58 Maize dwarf mosaic virus gene for polyprotein, isolate SP, genomic RM
FJ795750 Sweel polato feathery moltle virus isolate ARUBOD polyorotein gene, p
EU140339 Banana streas Mys virus isclate TRY, complate genome

AJT17548 East African cassava mosaic virus seament DNA A, eomplete sequene
GUT22318 Soybean vein necrosis virus isolate Milan_TN segment RNA 3, comple
AY186859  Polato moo-lop virus isolate 54-15 RNA-dependent RNA polymerase ¢
JO403808 Maize dwarf mesaic virus isolale OH-1, complele genome

HMIE3STT Melon chlorotic mosaic virus isolate 2009-02-04-06 segment DNAB, ¢
JFBETH8E  Squash vein yellowing virus isolate SM2008cHe, complele genome
DQ37R05T Blackberry virus X polyprotein gene, partial cds

(GU244457 Caleteria roenbergensis virus BV-PW1, complete genome

JN133825 Grapevine fleck virus solate SKO4 coal protein gene, partial cds
JFB94254  Sguash vein yellowing vicus isolale Ca2008Ma P1a gena, parlal cds
AY145471 Rachiplusia ou multiple nucleopalyhedrovirus, complete gename
5U244457 Caleteria roenbergensis virus BV-PW1, complete genome

JN133847 Grapevine fleck virus solate SKBO coal protein gene, partial ods
JNBB58SE  Moumauvirus Monve isolate Mv13-my, partial genome
HE5S73864 Malze dwarf mosaic virus pa

JNBOBTT4 Walercress white vein virus coal protein gene, parbal cds

AF501581 Pepper motlle virus Florida, complete genome

50421688 Canna Yellow Streak Virus from United Kingdom, complels genome
JFE18629  Tomato leaf curl China virus satellite DNA beta isclate JX-2, complete |
JNB51148  Blueberry necrolic fing blolch virus segment RNA1, complele sequenc
JN133846 Grapevine flack virus isolate SK79 coal protein gene, partial cds
FJ544925 Grapevine fanleaf virus isolale AB26a polyprotein P2 gene, partial cds
JO403809 Maize dwarf mesaic virus solale OH-2, complele genome

EU754720 Hydrangea chiorotic mottle virus isolate NZ, complete genome
JX2BE706 Sugarc:ama masaic virus P1 gene, partial eds

JX185302 compiete genome
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HES73864 Maize dwarf mosaic virus pi
JO280313 Maize dwarf mosaic virus is
JXA1B5302 Maize dwarf mosaic virus is
DOE73169 Maize dwarf mosaic virus fn
JX185302 Maize dwarf mosaic virus is
JO403608 Maize dwarf mosaic virus is
AM273401 Hepalils C virus sublype 1z
GQ329864 Cassava brown streak virus
GU393334 Infectious Dranchiis virus s
JXA1B5302 Maize dwarf mosaic virus is
JO403609 Maize dwarf mosaic virus is
JNBESHSE  Moumouvirus Monve isolale
JX188385 Sugan’:ar\e mosaic virs iso
JNBESSST Moumouvirus Monve isolale
Z48053 Bovine herpesvirus type 1 (|
JXA1B5302 Maize dwarf mosaic virus is
JX185302 Maize dwarf mosaic virus is
FJ531445 HIV-1 isclate 07SY147 from
AJOCES1  Maize dwarf mosaic virus R
AED04092 Streplococcus pycgenes M
DOE73169 Maize dwarf mosaic virus fn
FMBB3164 Maize dwarl mosaic virus p
USTIB0 | Sorghum maosaic virus strail
AJBEOZ27 | Sri Lankan cassava mosaic
AB104413 Red sea bream iridovirus ge
DO925429 | Sugarcane MOsaic virus iso
JO403609 Maize dwarf mosaic virus is
EUB64118 Beel necrotic yellow vein vit
AMTIDTSE Maize dwarf mosaic virus g
JOATTOET Vibro phage CP-T1, comply
JOEBO3TE Unidentified phage clone 22
GUSB2071 HIV-1 isolate COLDRO3AS |
JOBE03ISS Unidentified phage clone 10
AY196958  Polato mop-lop virus isolate
JO403609 Maize dwarf mosaic virus is
JOB15363 Cyprinid herpesvirus 1 strai
JNTETTSE  Bacillus phage BCUA4, comg
AY1TBBET | Human adenovirus type 4 p
AB236322 Honeysuckle yellow vein be
AY261358 Bovine herpesvirus 5 slrain
BKO00394 TPA_inf: Human herpesviru
DQE25427 Sugarcane MOsaic virus iso
HM754638 Sweel potato leafl curl virus
JNE9S628  Mycobacterium phage Bong
AJ309022 | Grapevine fleck virus comol
HES573864 Maize dwarf mosaic virus

AYITETIE
JNGT1443
FMBB3211
AYD2TEI0

Heoabts C virus isolate D1-
Fusarium wvirgulifarme dsRik
Maize dwarf mosaic virus p
Papaya ringspot virus W isc
AB4BSEST Human immunodeficiency v
JN133846 Grapevine fleck virus isolate
GQ329669 Pseudocowpox virus slrain

JO403609 Maize dwarf mosaic virus is
AFDBBB30 Kaposi's sarcoma-associale
JO403609  Maize dwarf mosaic virus is
JX185302 Maize awarr MOSAIC Virus is
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HE5S73864 Maize dwarf mi
JX185302 Maize dwarf mi
JX¥1B5302 Maize dwarf m
DQA7I1E8 Maize dwarf mi
JX1B5302 Maize dwarf mi
JO403608 Maize dwarf mi
AM273401 Hepaltis C vir
HM346546 Cassava browr
GU3SI334 Infectious brary
GUOBB5S) Maize dwarf mi
JO403609 Maize dwarf mi
JMNBESI8E  Mournouvirus b
JX1B8385 Sugareane mo:
JMNBES98T  Mournouvirus b
AFODE733  Sugarcane mo:
JX1B5302 Maize dwarf mi
JX185302 Maize dwarf mi
FJ531445 |HIV-1 isolate 07
AJODIESY Maize dwarf m
GU244457 Caleteria roent
DQATI1ES Maize dwarf mi
FMB83164 Maize dwarf m
UST360 | Serghum mosa
DQ504428 Clanis bilineals
ABO03141 Arabidopsis the
DQY25429 | Sugarcane mo:
JOA403608 Maize dwarf mi
EUBB4118 | Beet necrotic y
AMA10758 Maize dwarf mi
DOO03E3S Listeria phage
JOEBI3TE Unidentified ph
JOBITT24 Human rhinavie
JOBBO3S3  Unidentified ph
AY186959 Polato mop-lop
JO403608 Maize dwarf m
JOB15363  Cyprinid herpe:
JNTITTEE Bacillus phage
AY1TEBE7 Human adeney
AB236322 Honeysuckle yi
Z54206 Bovine herpes,
BKOO0394 TPA_inf: Hurna
HMO29250 Lactococcus ot
GU244457 Caleteria roent
JN201525 | Mycobacterium
AJ308022 | Grapevine fleck
HES73864 dwarf m

Hepatiis C viru
Human immuni
Maize dwarf m
Papaya ringspr
AB4BSEET Human immun
JN133826 Grapevine floch
GO3I29EE9 Pseudocowpex
JO403609 Maize dwarf mi
AFOBBE30 Kapos''s sarcol
JO403609 Maize dwarf mi
JX1B5302 Maize dwarf mi

AYITETIE
M31113

FMBE3164
DO340768
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