BIOJNIOris. 51/2008

~ 47 ~

UDC 578.233

0O.l. Gordeyeichik, eng., I.C. Shcherbatenko, D. Sci.

SEARCHING FOR SIMILAR NUCLEOTIDE SITES
IN GENOMIC SEQUENCES OF PLANT VIRUSES

Zabolotny Institute of Microbiology and Virology of the NAS of Ukraine, Kyiv.

Computer database search for similar nucleotide sites in genomes of plant pathogenic viruses has been conducted by sub-
sequent comparison of pairs of genome sequences with increasing shift value of their starting postions.

Introduction.The sequence similarity of viral genomes
or some nucleotide sites is quantified as persentage of
nucleotide sequence identity and widely used for the eluci-
dation of the evolutionary histories of viruses, detecting
conserved functionally importent sequences and secondary
structure elements as well as comparing virus relationship
and taxonomic groupings [ 1,9 13,14,15].

Similarity searches are commonly performed with
numerous available programs by sequence alignment.
Although a variety of algorithms and improvements of
the widely used programs and new software applica-
tions for sequence alignment have been developed [2,
3, 6, 7, 10, 16], sequence similarity analysis still pre-
sents certain difficulties [11, 12, 17].To overcome this
problem new algorithms, alternative to alignment, are of
particular interest [4, 18].The objective of this study was
the computational search for similar nucleotide sites in
genomes of plant viruses by successive disposition of
two genomic sequences with increasing displacement of
their initial positions.

Materials and methods. Sequences. Tests were run on 3
random nucleotide sequences and 189 genomic sequences of
(+)ssRNA-containing plant viruses from Tombusviridae (Avena-,
Aureus-, Carmo-, Necro-, Tombusvirus), Flexiviridae (Allexi-,
Capillo-, Carla-, Fovea-, Potex-, Tricho-, Vitivirus), Luteoviridae
(Luteo-, Polerovirus), Tymoviridae (Tymovirus) and Potyviridae
(Potyvirus) families as well as Tobamovirus and Sobemovirus
genera. All the genomic sequences used in this study were
derived from the DDBJ, EMBL, and GenBank nucleotide se-
quence databases. The 6400 nucleotide long random se-
quences were generated using the random number generator:
basic function int(RND*4+1), producing a random number be-
tween 1 and 4 . The standard nucleotides (A, T, G and C) were
assigned to 1, 2, 3 and 4, accordingly.

Similarity searches. Searches of the similar nucleotide
sites in viral genomes was performed by successive disposi-
tion of two sequences with increasing displacement of their
initial position: 1/1 (displacement = 0); 1/2 (displacement =
+1); 2/1 (displacement = -1); 1/3 (displacement = +2); 3/1

(displacement = -2). 1/maxd; maxd/1 (maxd (maximal dis-
placement) = genome length - site length). In all dispositions
of sequences were revealing the similar nucleotide sites,
which length and persentage of sequence identity were not
less then preliminary user-specified. Searching re-
sults:number, length and genomic positions of the similar nu-
cleotide sites were graphical visualizing and tabular displaing.

Software application. A simple program we have
termed Similar% was written at gBASIC and tested on two
random sequence, in which some similar nucleotide sites
was inserted. Extensive simulation studies show that the
program used: 1) is able to find all similar sites inserted; 2)
the length, positions and identity persentage of finding sites
are equal to that of inserting ones. The values of the mean
of sites quantity and length were obtained from at least 3 to
88 pairs of genomic sequences.

Results and discussion. Revealing of non-random nu-
cleotide coincidence in sequences. To determine the pa-
rameters of non-random sequence similarity the depend-
ence between nucleotide sites length and nucleotide coinci-
dence in random sequences was investigated. It was shown
that 5-nucleotide sites with 100% identity are appeared in
random sequences from 8577 to 8711 times, 10-nucleotide
sites - from 8 to 15 times, 12-nucleotide sites - from 0 to 2
times, and 15-nucleotide sites are not appeared (Tabl. 1).
So, parameter limits of non-random similarity of short sites
are the site length not less then 15 nucleotides and nucleo-
tide coincidence (sequence identity) not less then 100%. The
limit of non-random similarity for 20-nucleotide sites is not
less then 90% sequence identity, 30-nucleotide - 70%, 40-
nucleotide - 60%, 50-nucleotide - 58%, 100-nucleotide -
46%, 500-nucleotide - 34%, 1000-nuclectide - 32%, 2000-
nucleotide - 32. So far as non-random similarity of the short
sites sharply depends on their length (15 nucleotides -
100%, 20 nucleotides - 90%), just as the long sites - on their
identity persentage (1000 nucleotides - 32%, 2000 nucleo-
tides - 30%), the 40 nucleotide site length and 60% se-
quence identity was chosen as starting user-specified pa-
rameter for simile sites revealing.

Table 1. The number of similar sites in random nucleotide sequences depending on the site length and nucleotide coincidence

Site length, nucleotides Nucleotide coincidence, %

Pairs of random sequences *

rand1/rand2 rand1/rand3 rand2/rand3
5 100 8711 8577 8654
10 100 8 15 10
12 100 0 2 0
15 100 0 0 0
70 18 14 21
20 80 0 1 0
90 0 0 0
60 5 1 7
30 65 1 2 0
70 0 0 0
54 17 28 19
40 58 1 1 1
60 0 0
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52 9 17 13

50 56 0 2 0
58 0 0 0

42 18 17 18

100 44 5 1 3
46 0 0 0

30 216 178 191

500 32 11 14 8
34 0 0 0

28 227 237 229

1000 30 2 2 0
32 0 0 0

26 811 765 802

2000 28 10 7 4
30 0 0 0

* The length of random sequences rand1, rand2 and rand3 is 6400 nucleotides

Searching for the similar nucleotide sites in viral ge-
nomes. The similar nucleotide sites was firstly searching
in the genomes of viruses from 16 genera, wich had
not less then 6 sequences available. Tests were carried
out on 5 pairs of samples - one sequence from six avail-
able was compared with the rest five ones. (Tabl. 2). It
was determined that the same genus viruses have a
large clusters of similar sites varying in the mean quan-
tity from 5.2 (Sobemovirus) to 20.8 (Allexivirus), and in
the mean length - from 938.4 (Potexvirus ) to 4912.5
(Foveavirus). The maximal length of similar sites
reaches 1206 - 8743 nucleotides, and their maximal
quantity differ from 9 to 23.

The similar nucleotide sites of viruses from different
genera but the same family differ in mean size from 7.0 to
12.1 nucleotides, and in mean length - from 677.8 to
836.3 (Tabl. 3). The maximal quantity of the similar sites
reaches 13 - 14, and the maximal length varying from
1509 to 5451 nucleotides.

Table 2. The similar nucleotide sites in genomes
of plant viruses from the same genus

Virus genus [ No. of sites [ Site length
| mean* | maximal | mean* [ maximal

Allexivirus 20,8 23 2315,0 3391
Carlavirus 18,8 22 1399,4 1584
Tobamovirus 17,4 20 1055,8 1404
Potyvirus 17,0 19 1198,8 1424
Potexvirus 14,6 23 938,4 1206
Vitivirus 13,7 20 2972,3 6812
Luteovirus 12,0 14 2043,8 4710
Tymovirus 11,6 16 2187,0 3264
Polerovirus 10,6 13 1219,2 2197
Foveavirus 10,3 19 4912,5 8743
Trichovirus 9,4 13 3675,6 5283
Aureusvirus 8,3 11 1559,0 2692
Capillovirus 5,8 14 3948,4 6478
Necrovirus 5,6 9 1799,0 3683
Carmovirus 54 9 1820,4 4186
Sobemovirus 52 10 1027,5 1606

*- The mean values from 5 virus pairs of earch genus

Table 3. The similar nucleotide sites in genomes of plant viruses from the different genera

Families and genera Virus pair_ o ) No. of site Site length

No. of tested % with similar sites mean max mean max
Tombusviridae 29 100 7,0 13 767,0 5451
Flexiviridae 69 100 12,1 24 836,3 2567
Luteoviridae 43 100 7,5 14 677,8 1509
Luteovirus/Tombusviridae 48 100 3,8 7 255,4 438
Luteoviridae/ Sobemovirus 30 100 4.4 8 281,1 407
Flexiviridae/Luteoviridae 88 58,7 0,9 5 41,4 227
Tymovirus/Flexiviridae 31 93,5 1,7 4 89,9 224
Tymovirus/Potexvirus 16 100 4,2 8 227,8 468

Comparisons of the similar sites in genomic sequences
showed that the lisianthus necrosis virus from Necrovirus
genus is more similar with Tombusvirus members (fig.1,
samples 1,2) then with Necrovirus ones (fig.1, samples 3-

8). In addition to sequence similarity the genome length
and ORFs of this virus are also typical for tombusviruses
(fig. 2). As a result, there are worthy arguments for taking
the lisianthus necrosis virus to Tombusvirus genus.
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Fig. 1. Similarity of Lisianthus necrosis virus with tombusviruses (1, 2) and necroviruses (3, 8). Tombusviruses: 1 - carnation Italian
ringspot virus, 2 - tomato bushy stunt virus. Necroviruses: 3 - beet black scorch virus, 4 - leek white stripe virus, 5 - olive latent virus 1,
6 - olive mild mosaic virus, 7 -tobacco necrosis virus A, 8 - tobacco necrosis virus D

Viruses of different genera from different families usually
have no similar sites, but in some cases they can have some
similarity: clearly expressed clasters of a relatively long nu-
cleotide sites located in a certain genomic region and numer-

ous short sites scattered along the viral genome (fig. 3); dif-
fuse clasters of a short sites located in a several genomic
positions (fig. 4) and a little clasters or a single nucleotide sites
located in a certain genome region (fig. 5).
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Fig. 2. The ORFs of Lisianthus necrosis virus (3) and tombusviruses (1, 2) and necrovirus (4, 5. Tombusviruses: 1- carnation Italian ringspot
virus, 2 - tomato bushy stunt virus. Necroviruses: 4 - tobacco necrosis virus A, 5 - olive latent virus 1. Gray lines - genome length

These experiments reveale the phylogenetic relationships are in accordance with the comparisons of the viral genomes
among some viruses from Luteoviridae, Tombusviridae, Flex- [8], ORFs [15], coat and replications proteins [5, 6], tRNA-like
iviridae, Sobemovirus, Tymovirus and Tobamovirus. Our results structures [9] and a cap-independent translation element [14].

Fig. 3. Similar nucleotide sites of tombusviruses and luteoviruses (1); poleroviruses and luteoviruses (2); poleroviruses
and sobemoviruses. Tombusviruses: carnation Italian ringspot virus, tomato bushy stunt virus, lisianthus necrosis virus,
cucumber leaf spot virus, pothos latent virus, beet black scorch virus. Poleroviruses: beet chlorosis virus,
beet mild yellowing virus, beet western yellows virus, carrot red leaf virus, cereal yellow dwarf virus, turnip yellows virus.
Luteoviruses: barley yellow dwarf virus - GAV, barley yellow dwarf virus - PAS, bean leafroll virus, soybean dwarf virus.
Sobemoviruses: ryegrass mottle virus, rice yellow mottle virus, cocksfoot mottle virus, southern bean mosaic virus

Fig. 4. Similar nucleotide sites of 22 potexviruses and anagyris vein yellowing virus (1); nemesia ring necrosis virus (2);
plantago mottle virus (3); scrophularia mottle virus (4). Potexviruses: Potato Virus X, Alstroemeria virus X,Clover yellow mosaic
virus, Pepino mosaic virus, Strawberry mild yellow edge virus, Scallion virus X, Foxtail mosaic virus, Potato aucuba mosaic vi-
rus, Cactus virus X, Bamboo mosaic virus, Zygocactus virus X, White clover mosaic virus(WCIMV1), White clover mosaic virus

(WCIMV2), Cymbidium mosaic virus, Papaya mosaic virus, Cassava common mosaic virus, Foxtail mosaic virus,
Narcissus mosaic virus, Plantago asiatica mosaic virus, Hydrangea ringspot virus,Lily virus X, Opuntia virus X
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Fig. 5. Similarity of nemesia ring necrosis virus with allexiviruses (1) and tobamoviruses (2). Allexiviruses: garlic virus A, garlic virus C,
garlic virus E, garlic virus X, shallot virus X. Tobamoviruses: odontoglossum ringspot virus, tobacco mosaic virus (vulgare),
tomato mosaic virus, crucifer tobamovirus, tobacco mosaic virus (crucifer), ribgrass mosaic virus, turnip vein-clearing virus

Of particular interest is the location of the similar nucleo- may only be equal to an integer number of triplete codones,
tide sites in viral genomes. The distances between genomic suggesting that any frameshift between similar sites is letal for
positions of the all or the majority similar sites are equal to x.0 virus. A large differences in the distances between the similar
or x.33 or x.66 triplets (tabl. 4), which are equal to 3x, 3x+1 or sites equal to 3x nucleotides might be the result of inser-

3x+2 nucleotides (tabl. 5), where x is an integer number from tions/deletions/duplications/recombinations without frameshift-
0 to 300 - 500. The results suggest that the similar nucleotide ing, as 3x+1 and 3x+2 nucleotide distances are due to addi-
sites represent an in-frame clusters of conserved sequence tional non-integer triplete distances between starting codones
elements encoding some functionally important components. of the genes containing the clusters of similar sites.

As such, the distances between the similar sites in the clusters
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Table 4. The distances between positions of similar nucleo-
tide sites in genomes of two potexviruses

Site Pos1* Pos2** Distances, Distances,

length nucleotides triplets
62 815 834 19 6,3

72 1896 2704 808 269,3
65 2084 2898 814 271,3
80 2277 3091 814 271,3
60 2442 3262 820 273,3
259 2789 3612 823 274,3
344 3394 4217 823 274,3
69 4953 5820 867 289,0
65 4207 5080 873 291,0

*Pos1 - positions of similar nucleotide sites in genome of fox-
tail mosaic virus
**Pos2 - positions of similar nucleotide sites in genome of
Scallion virus X

Table 5. Displacement of the distances between positions
of similar nucleotide sites in genomes of tobamo-
and potyviruses

No. of similar sites
All [ with displacement
[ o T 1 [ 2

Virus pair

Tobamovirus genus
Tobacco mild green mosaic
virus / Cucumber green mottle 19 0 17 2
mosaic virus

Pepper mild mottle virus / Rib-

L 14 2 8 4
grass mosaic virus
Tomato mosaic virus / Crucifer 16 1 3 12
tobamovirus
Cucumber fruit mottle mosaic
virus / Odontoglossum ringspot 20 2 4 14
virus
Potyvirus genus
Potato virus A / Potato virus Y 19 0 17 2

Scallion mosaic virus / Sugar-

cane mosaic virus

Bean common mosaic virus /

Cocksfoot streak virus

Soybgan_mosalc virus/ Yam 16 1 14 1

mosaic virus

* Displacement is equal to: or integer number of triplets (3x

nucleotides, displacement 0), or 3x+1 nucleotides (displacement
1), or 3x+2 nucleotides (displacement 2)

18 1 16 1

17 17 0 0

Overall, we tested a new method for the computational
search of the similar nucleotide sites in genomes by successive
disposition of two genomic sequences with increasing displace-
ment of their initial positions and revealing in all dispositions the
similar nucleotide sites, which length and persentage of se-
quence identity were not less then preliminary user-specified.
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We have determined a parameter limits of non-random
nucleotide coincidence in sequences as well as the pres-
ence and localisation peculiarity of similar nucleotide sites
in viral genomes. Our results also demonstrate that the
lisianthus necrosis virus is the more closely related to
tombusviruses then to necroviruses.

The computational search used provides an alternative
sequence similarity analysis without a time-consuming
aligning procedure. The method can be used as a simple,
fast and obvious way for comparing sequence relatedness
with graphical visualization of the similar nucleotide or ami-
noacid sites.
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According to the internationally agreed joint project “Investigation of distribution of plum pox virus in Lithuania and Ukraine and de-
velopment of biotechnological methods of obtaining of virus-free planting material” 95 samples of plum, apricot and peach from several
locations of Ukraine were collected in June 2007 and checked for the presence of PPV by DAS-ELISA. Presence of PPV was detected in
all explored regions. Four isolates PPV from plum of Kyivsky and Transkarpathian regions were transferred to herbaceous plants and
the presence of the virus in these plants was confirmed by DAS-ELISA and IEM investigation. The presence of PPV in samples from
Lithuania was confirmed in 2 cases from 20. PPV positive samples were collected from Jonava and Sakiai regions.

Introduction. Stone fruit trees are natural hosts of several
widespread viruses. Thirty virus diseases of stone and pome
fruits have been described in former Yugoslavia [Suti¢ et al.,
1999]. Plum pox virus or ‘Sharka’ disease agent Plum pox
potyvirus (PPV) originally described in Bulgaria on Prunus
domestica gradually has spread throughout European borders

[Sutié et al., 1999]. PPV infects virtually all cultivated fruit tree
species of the genus Prunus. The disease also affects some
wild Prunus species, especially blackthorn (Prunus spinosa)
which has been a natural source of infection in many coun-
tries. PPV is now reported in most European countries, in
parts of Asia and northern Africa, and in South America. Plum
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