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T2 phage. Type species ofT-EVEN PHAGE GROUP 
(Myoviridae) isolated from E. coli. Virions are' 
structurally complex with an elongated head (Ill 
x 80 nm.), contractile tail (113 x 16 nm.) collar, 
six spikes and six kinked tail fibres. The particles 
have a mw. of210 x l<Y', sediment at 1042S and 
have a buoyant density in CsCl of 1.49 glee. 
Virions contain at least 41 polypeptides ranging 
from mw. 8 to 155 x 103, with a major capsid 
protein of c.43 x 103• Particles also contain ATP 
(required for tail contraction) and a number of 
enzyme activities (e.g. thymidylate synthetase; 
dehydrofolate reductase). The genome is linear 
dsDNA (mw. 121 x l<Y') which is circularly per
muted and terminally redundant. The number of 
genome permutations is very large. The DNA 
contains 5-hydroxymethylcytosine instead of 
cytosine and these residues are glycosylated in 
specific patterns (protecting viral DNA from 
degradation by host restriction enzymes). Virions 
adsorb to the cell wall of susceptible hosts and 
completely inhibit host nucleic acid and protein 
synthesis. Viral DNA replicates as a concatemer 
and is packaged by the HEADFUL PACKAGING 
mechanism. Virus heads, tails and tail fibres as
semble independently in three different path
ways. T2 is a virulent phage and lyses the cells of 
susceptible hosts (enterobacteria). The replica
tion of T2 phage has been studied in less detail 
than T4 phage (see T4 PHAGE). 
Ackermann, H. W. ( 1978) In Handbook of Micro
biology. Vol. 2. p. 643, ed. A.l. Laskin and H.A. 
Lechevalier. CRC Press: Boca Raton, Florida. 
Matthews, R.E.F. (1982) Intervirology 17, I. 

T4 phage. Member of T-EVEN PHAGE GROUP 
(Myoviridae) and probably the best-studied and 
most complex of all the TAILED PHAGEs; isolated 
from E. coli. The phage head is 95 nm. long, 65 
nm. wide and the tail 80 x 16 nm. About 36 
structural proteins have been observed including 
at least six virus-specified enzymes. Like the type 
species of the T-even phage group (T2), the DNA 
genome (mw. 130 x 1()6; 166 kbp) contains 5-

hydroxymethylcytosine instead of cytosine and is 
circularly permuted. Each molecule carries a 3% 
circularly permuted. Detailed genetic and physi
cal maps of the genome are available. Particles 
adsorb to lipopolysaccharide receptors on the 
bacterial cell wall by the virus tail fibres. The 
baseplate is then brought close to the cell surface, 
accompanied by tail sheath contraction and DNA 
injection. Within a few minutes of DNA injec
tion, bacterial DNA replication stops and the host 
DNA is degraded and used as precursor for T4 
DNA. Expression of T4 genes is temporally
regulated at the level of transcription by changes 
in the ability of the host RNA polymerase to 
recognise promoters. 'Early' and 'mid' genes are 
transcribed from one DNA strand and 'late' genes 
from the other. T4 DNA synthesis is initiated at a 
specific origin, and produces concatemers which 
are packaged by the HEADFUL PACKAGING mecha
nism. Phages are assembled from four main sub
assembly reactions: I) neck collar and whiskers; 
2) DNA-filled head; 3) baseplate, tube and 
sheath; 4) tail fibres. Infection results in lysis of 
the host. 
Mathews, C.K. et al. (1983) Bacteriophage T4. 
American Society for Microbiology: Washing
ton. 
Mosig, G. (1984) In Genetic Maps 1984. Vol. 3. 
p. 35. ed. S.J. O'Brien. ColdSpring Harbor Labo
ratory: New York. 

T7 phage. Type species of the T7 PHAGE GROUP 
(Podoviridae). Virions have an isometric head 
(65 nm. in diameter) and a short tail ( 17 nm.Iong) 
with six short fibres. The particles have a mw. of 
47 x 106, sediment at 507S and have a buoyant 
density in CsCJ of 1.5 glee. Virions contain 10-12 
proteins (mw. 14-150 x 103) including the major 
capsid protein (mw. 38 x 103). The genome is 
linear dsDNA containing the conventional bases, 
which (unlike T2 and T4 DNAs) is not circularly 
permuted, but contains short regions ( c .260 bp) of 
terminal redundancy. Virus particles adsorb to 
cell walls of susceptible hosts (female entero-
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bacteria). Host cell DNA is degraded by phage
coded enzymes to provide substrate for viral 
DNA synthesis. Virus codes for about 30 pol
ypeptide gene products and requires several host 
factors for replication. Like T4 PHAGE, transcrip
tion is temporally regulated but only one DNA 
strand is used as template. T7 DNA synthesis is 
initiated at a specific origin and is bidirectional. 
concatemers are produced and packaged by a 
mechanism which ensures that the genomes have 
unique (non-permuted) sequences. Infection re
sults in lysis of the host. 
Ackermann, H. W. ( 1978) In Handbook of Micro
biology. Vol. 2. p. 643. ed. A.l. Laskin and H.A. 
Lechevalier. CRC Press: Boca Raton, Florida. 
Ritchie, D.A. (1983) In Topley and Wilson's 
Principles of Bacteriology, Virology and Immu
nity. Vol. l. p. 177. ed. G. Wilson, A. Miles and 
M.T. Parker. Edward Arnold: London. 

T7 phage group. Vernacular name for the only 
genus of phages currently defined within the 
Podoviridae (phages with short tails). The genus 
includes the type species, T7 phage as well as 
phages H, PTB, R, T3, Y, W31, <!>I and <!>II. 
Ackermann, H.W. and Du Bow, M.S. (1987) 
Viruses of Prokaryotes. CRC Press: Boca Raton, 
Florida. 

T-even phage group. Vernacular name for the 
only officially recognised genus of phages with 
contractile tails (see MYOVtRIDAE) which includes 
T2, T4 and T6 phages as well as >50 other 
isolates. T2 phage is the type species. 
Ackermann, H.W. and Du Bow, M.S. (1987) 
Viruses of Prokaryotes. CRC Press: Boca Raton, 
Florida. 

T antigens. Abbreviation for transforming or 
tumour antigens. Gene products of PAPOVA- and 
ADENO-VIRUSES which are essential for viral DNA 
replication and for cellular transformation. 

Tacaiuma virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from sentinel monkeys and 
mosquitoes in Brazil. 

Tacaribe virus. Family Arenaviridae, genus 
Alphavirus. Isolated from bats and mosquitoes in 
Trinidad. Guinea pigs can be silently infected. 

Taggert virus. Family Bunyaviridae, genus 
Nairovirus. Isolated from ticks which infest pen
guins on Macquarie Island (S.E. of Tasmania). 
Antibodies found in penguin sera. 

Tahyna virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated in several countries in Eu
rope. Causes fever in man. Antigenically indistin
guishable from Lumbo virus. 

Taiassui virus. Family Bunyaviridae, genus 
Bunyavirus. 

tail. Structure associated with the most complex 
DNA phages that is involved in the attachment of 
the phage to specific receptors on the host bacte
rium and acts as the passageway through which 
the nucleic acid enters the cefl. Some tails are 
contractile (see MYOVIRIDAE) facilitating DNA 
transport. Others are non-contractile and may be 
'short' (c. 20nm.; see POOOVIRIDAE) or 'long' (60-
540 nm.; see SIPHOVIRIDAE). The tail probably 

originates from a specialised vertex of the phage 
head. Tails may carry neck, collar and whisker 
attachments near the connection of the tail and 
head sections of the particle (see T4 PHAGE). 
Contractile tails (e.g. T4) have a core and contrac
tile sheath composed of helically-arranged cap
someres. The termini of phage tails may be undif
ferentiated or carry base plate, tail pins and tail 
fibres involved in virus attachment and DNA 
injection. 
Eiserling, F.A. (1978) In Comprehensive Virol
ogy. Vol. 13. p.543. ed. H. Fraenkel-Conrat and 
R.R. Wagner. Plenum Press: New York. 
Ritchie, D.A. (1983) In Topley and Wilson's 
Principles of Bacteriology, Virology and Immu
nity. Vol. 1 p.l77. ed. G.S.Wilson, A.A. Miles 
and M.T. Parker. Edward Arnold: London. 

tailed phages. Large group of unenveloped 
DNA-viruses isolated from prokaryotes, charac
terised by complex virus particles consisting of a 
cubic head (capsid) and helical tail (phage mor
photypes A, Band C; see PHAGE). Several hundred 
isolates with these properties have been reported 
(see APPENDIX F) and are currently classified in 
three families: Myoviridae (contractile tails e.g. 
T2 PHAGE, T4 PHAGE); Siphoviridae (long non
contractile tails e.g. APHAGE); Podoviridae (short 
non-contractile tails e.g. T7 PHAGE). The viruses 
may be temperate or virulent and have been 
isolated froni more than 90 genera of bacteria, 
cyanobacteria and mycoplasma. 
Ackermann, H. W. ( 1978) In Handbook of Micro
biology. Vol. 2. p. 643. ed. A.I. Laskin and H.E. 
Lechevalier. CRC Press: Boca Raton, Florida. 
Matthews, R.E.F. (1982) Intervirology 17, I. 

tailing. A term describing the addition of 



stretches of nucleotides to the 3'-termini of ds 
nucleic acid to facilitate cloning into a vector. 

Talfan disease virus. Family Picornaviridae, 
genus Enterovirus. Causes mild form ofTeschen 
disease. First isolated in England and Denmark in 
1955. 

tamarillo mosaic virus. A Potyvirus. 
Hollings, M. and Brunt, A.A. (1981) In Hand
book of Plant Virus Infections. ed. E. Kurstak. p. 
731. Elsevier: North Holland. 

Tamdy virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from ticks infesting men 
working with sheep and camels in the desert 
regions of the USSR. Pathogenic for suckling and 
very young mice when injected i.e. 

Tamiami virus. Family Arenaviridae, genus 
Arenavirus. Isolated from cotton-rats in Florida. 

Tanapox virus. Family Poxviridae, subfamily 
Chordopoxvirinae, genus unassigned. Causes 
skin lesions in children in Kenya and lesions in 
monkeys, which in turn infect those handling 
them. Grows in monkey kidney cell cultures. 
Serologically related to Yaba virus and swine pox 
virus. 

Tanga virus. Unclassified arthropod-borne 
virus. Isolated from mosquitoes in Tanzania and 
Uganda. 

Tanjong Rabok virus. Unclassified arthropod
borne virus. Isolated from sentinel Rhesus mon
keys in Malaysia. Antibodies found in man, birds, 
wild rodents and bats. 

TATA box. A sequence of DNA in the region of 
a eukaryotic promoter which is considered 
analaogous to the Pribnow box of prokaryotes. It 
is also termed the Goldberg-Hogness box and has 
the canonical sequences:-

for animals TATATA 1_3CA 
A T 

for plants TATATAT 
A A 

Tataguine virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from man and mosquitoes in 
several countries in Africa. 
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crab, Carcinus mediterraneus. It shares the gen
eral characteristics of the non-occluded baculo
viruses but differs in its bow-shaped structure. 
Enveloped particles are 350 nm. long by 80 nm. 
wide. 
Pappalardo, R. eta/. ( 1986) J. Invertebr. Pathol. 
47,361. 

teasle mosaic virus. A possible Potyvirus. 
Francki, R.I. B. et a/. ( 1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

Tectiviridae. (Latin 'tectus' =covered). A fam
ily of phages containing a single genus (TECTI
VIRUS) oflarge isometric viruses ( 65 nm. in diame
ter) with a double capsid structure and a linear 
dsDNA genome (PHAGE morphotype 04). 

100nm 

Tectivirus. dsDNA phages with unenveloped 
isometric particles, 65 nm. in diameter (PHAGE 
morphotype D4) and a double capsid structure 
with the inner layer containing lipid (comprising 
l 0-20% by weight of the particle). The inner layer 
is flexible and able to transform itself, upon 
adsorption to a bacterium, into a tail-like tube. 
Some isolates have 20 nm. long spikes on the 
vertices. The genome is one piece of non-per
muted linear dsDNA (mw. 9 x ICY') covalently 
linked to protein. Virions infect Bacillus spp. and 
gram-negative bacteria which contain certain 
drug-resistant plasmids, adsorbing to the tips of 
plasmid-specified pili. The host is lysed by the 
infecting virus. The type species is PRO l PHAGE 
and other members include Ll7, PR3, PR4, PR5, 
PR772, AP50, Bam35 and lPNS 11 (Appendix F). 
Mindich, L. (1978) In Comprehensive Virology. 
Vol. 12. p. 271. ed. H. Fraenkel-Conrat and R.R. 
Wagner. Plenum Press: New York. 
Matthews, R.E.F. (1982). lntervirology 17, l. 
Ackermann, H.W. and DuBow, M.S. (1987). 
Viruses ofPrOkaryotes. CRC Press: Boca Raton, 
Florida. 

Tehran virus. Family Bunyaviridae, genus 
Ph/ebovirus. 

Tembe virus. Unclassified arthropod-borne vi
tau virus. Unclassified virus isolated from the rus. Isolated from mosquitoes in Brazil. 
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Tembusuvirus. Family Flaviviridae, genus 
Flavivirus. Isolated from mosquitoes in Malay
sia, Thailand and Sarawak. 

TEMED. N ,N,N',N'-Tetramethylethylenedi
amine. A catalyst providing free radicals neces
sary for the polymerisation of monomer acry
lamide and bisacrylamide to give the gel used in 
POLYACRYLAMIDE ELECTROPHORESIS. 
Davis, B.J. (1964) Ann. N. Y. Acad. Sci. 121, 
404. 

temperate phage. A phage which can grow in its 
prokaryotic host in two distinct ways; a LYTIC 
CYCLE where the virus replicates and the host cell 
is killed, or a LYSOGENIC state where the viral 
genome is integrated into the host chromosome 
( e.g.A. PHAGE) or a plasmid (e.g. P 1 PHAGE). During 
this prophage stage replication is suppressed and 
the viral genome is transmitted to progeny cells 
with each cell division. 

temperature-sensitive mutant. A mutant which 
is not 'viable' at as high a temperature as the WILD 
TYPE strain. 

template. A nucleic acid molecule from which a 
complementary nucleic acid molecule is being 
synthesised. 

Tensaw virus. Family Bunyaviridae, genus 
Bunyavirus. Causes fever and encephalitis in 
man. Virus has been isolated from dogs and 
marsh rabbits. Antibodies present in man, cows 
and chickens. 

Tenuivirus group. (Latin 'tenuis' =thin or fine, 
referring to the virus particles). (Type member 
RICE STRIPE VIRUS). Genus of plant viruses with 
filamentous particles, 8 nm. in diameter and of 
varying length, occasionally branched. Particles 
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are composed of a supercoiled nucleoprotein, the 
polypeptide having mw. 32 x 103• Particles con
tain four species of linear ssRNA (mw. 1.9, 1.4, 
1.0 and 0. 9 x 1 06). 

Host ranges of members are wide. Mechanical 
transmission is difficult. Transmitted naturally by 
plant hoppers in the PERSISTENT TRANSMISSION 

manner. 
Francki, R.I. B. et at. ( 1985) In Atlas of Plant 
Viruses. Vol. 2. p. 237. CRC Press: Boca Raton, 
Florida. 
Toriyama, S. (1986) Microbiol. Sci. 3, 347. 

Tephrosia symptomless virus. A possible 
member of the Carmovirus group. 
Bock, K.R. (1982) CMI/AAB Descriptions of 
Plant Viruses No. 256. 
Morris, T.J. and Carrington, J.C. (1988) In The 
Plant Viruses. Vol3, p. 73, ed. R. Koenig. Plenum 
Press: New York. 

teratoma. A neoplasm composed of bizarre and 
chaotically arranged tissues which are foreign 
embryologically as well as histologically to the 
area in which the tumour is found. 

terminal redundancy. The presence of identical 
nucleotide sequences at both ends of a nucleic 
acid molecule which have linear chromosomes, 
e.g. T2, T4, T7 PHAGE, and in RETROVIRUS genomic 
RNA. 

terminal repetition. The presence of nucleotide 
sequences at both ends of a nucleic acid molecule 
which are either identical (see TERMINAL REDUN
DANCY) or are identical but inverted. Inverted 
terminal repeats are found in the genomic DNA of 
ADENOVIRUSES. 

terminal transferase, deoxynucleotidyl trans
ferase. An enzyme which will add deoxynucleo
tide triphosphates (dNTP) to the 3' hydroxyl 
group of a DNA fragment. It is usually isolated 
from calf thymus. Used in 3' end labelling of 
DNA and in tailing DNA fragments with comple
mentary dNTPs to facilitate cloning. 

termination codon. See STOP CODON. 

termite paralysis virus. Unclassified virus 
(possible INSECT PICORNAVIRUS), isolated in Aus
tralia from the termites Nasutitermes exitiosus, 
Coptotermes lacteus and Porotermes adamsoni. 
Virus particles are isometric, 30 nm. in diameter, 
sediment at 155S and have a buoyant density in 
CsCl of 1.34 glee. The particles are stable at pH 
2.5. The nucleic acid has not been analysed. 
Serologically unrelated to bee acute paralysis 
virus. 
Moore, N.F. et al. (1985) J. gen. Virol. 66,647. 

TES. N-tris(hydroxymethyl)methyl-2-amino-



ethanesulphonic acid (mw. 229.25). A biological 
buffer, pK. 7.5, with a pH range 6.6-8.6. 
Good, N. et al. (1966) Biochemistry 5, 467. 

Teschen disease virus. Synonym: PORCINE 
ENTEROVIRUS. Family Picornaviridae, genus 
Enterovirus. Causes fever, convulsions and 
paralysis with encephalomyelitis. Named after 
region in Czechoslovakia where first outbreaks 
occurred. 

test plant. A plant species which is used for 
diagnosing, or evaluating infectivity of, a plant 
virus. See INDICATOR PLANT. 

Tete virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from several species ofbirds 
in S. Africa and Nigeria. 

tetracyclines. A group of broad spectrum anti
biotics which are isolated from Streptomyces spp. 
They act by preventing charged transfer RNAs 
binding to ribosomes. Some plasmid cloning 
vectors, e.g. pBR322, confer tetracycline resis
tance to bacteria; this region ofthe plasmid is used 
as a selective marker for transformation. 

Tetraviridae. A family of insect-pathogenic 
viruses containing a single genus, TETRAVIRUS. 
Virions are unenveloped, isometric, 35 nm. in 
diameter. The viral genome is composed of a 
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single (+)-sense ssRNA molecule. The capsid 
contains one major polypeptide (mw. 60-70 x 
l Q3), arranged in T=4 symmetry. The name of the 
group derives from the particle symmetry. The 
family is also referred to as the Nudaurelia ~virus 
group. 

Tetra virus. The only genus of viruses currently 
classified within the Tetraviridae (Nudaurelia ~ 
virus group). The type species is Nudaurelia ~ 
virus. Virus particles are isometric, consisting of 
240 copies of a single protein subunit arranged in 
a T=4 symmetry, unenveloped and 35 nm. in 
diameter. They sediment at l94-2lOS and have a 
buoyant density in CsCI of 1.29 glee. Particles are 
stable at pH3 and contain one major polypeptide 
(mw.60-70x 103). The(+)-sensessRNAgenome 
consists of a single molecule (mw. 1.8 x l 06) 
which is not polyadenylated. The viruses repli
cate primarily in the cytoplasm of gut cells of 

thermolysin 221 

susceptible Lepidoptera. Detailed studies of rep
lication have been hindered by the absence of a 
suitable permissive in vitro cell culture system. In 
vitro translation of viral RNA has revealed dis
tinct products, the largest having a mw. in excess 
of l 00 x l 03• Other viruses with similar properties 
have been isolated from the Iepidopterans, Anth
eraea eucalypti, Samia (=Philosamia) ricini, 
Saturnia pavonia (Saturniidae; Darna trima, 
Setora nitens, Thosea asigna (Limacodidae); 
Dasychira pudibunda, Lymantria ninayi 
(Lymantriidae); Trichoplusia ni (Noctuidae); 
Acherontia atropos (Sphingidae); Eucocytis 
meeki (Cocytiidae); Hypocrita jacobeae 
(Arctiidae); Agraulis vanillae (Nymphalidae); 
Euploea corea (Danaidae). Most of the isolates 
were identified on the basis of their serological 
reaction with antiserum raised against Nudaure
lia ~ virus. Members are serologically interre
lated but distinguishable. No infections have yet 
been achieved in cultured insect cells. 
Moore, N.F. eta/. (1985) J. gen. Virol. 66, 647. 

Thai sacbrood virus. Unclassified small RNA 
virus (a possible INSECT PICORNAVIRUS) first iso
lated from the Eastern honey bee, Apis cerana, in 
Thailand. Virus differs principally from 
SACBROOD VIRUS in the sizes and antigenic proper
ties ofthe virus structural proteins (mw. 38.7, 34 
and 30.2 x 1{}'). 
Bailey, L. eta/. (1982) J. Invertebr. Pathol. 39, 
264. 

Theiler's virus. Synonym: MOUSE ENCEPHALO
MYELITIS VIRUS, MOUSE POLIOMYELITIS VIRUS. 
Family Picornaviridae, provisionally in genus 
Enterovirus. First isolated from the central nerv
ous system of mice with flaccid paralysis. Passag
ing in mice causes necrosis of motor neurones. 
Mice surviving infection develop demyelinating 
disease. Relationship with other enteroviruses is 
unclear. It may be more closely related to the 
Cardioviruses. 

thermal inactivation point. A temperature at 
which virus infectivity is lost. With plant viruses, 
samples of sap from an infected plant are heated 
to various temperatures for ten minutes and then 
assessed for the infectivity of the virus. Inactiva
tion points range from 45"C for TOMATO SPOTTED 
WILT VIRUS to 95"C for TOBACCO MOSAIC VIRUS. 

thermolysin. An enzyme which catalyses the 
hydrolysis of peptide bonds on the N-terminal 
side of valine, leucine, isoleucine, phenylalanine, 
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tyrosine, methionine, and sometimes alanine 
residues. 
Ambler, R.P. and Medway, R.J. (1968) Biochem. 
1.108, 893. 

thermotherapy. The curing of a host or cell line 
of a virus infection by heat treatment. One of the 
methods used for curing plants of virus infection. 
See CHEMOTHERAPY. 

Thetalymphocryptovirus. A proposed genus in 
the family Herpesviridae. It contains GALLID 
HERPESVIRUS 2 (Marek's disease virus) as its type 
species and meleagrid herpesvirus 1 as a second 
member. 

Thielaviopsis basicola viruses. Possible mem
bers of the Totivirus group. 

Thimiri virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from the pond heron in India 
and the Jesser white-throat in Egypt. 

thin-layer chromatography. CHROMATOORAPHY 
on thin layers of adsorbents rather than in col
umns; the adsorbents include alumina, silica gel, 
silicates, charcoals or cellulose. 

thistle mottle virus. A Caulimovirus. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. 1. p. 17. CRC Press: Boca Raton, 
Florida. 

Thogoto virus. Family Bunyaviridae, genus 
Bunyavirus. Causes optic neuritis and meningo
encephalitis in man. Virus isolated from man, 
cattle, camels and ticks in Egypt, Kenya, Nigeria 
and Sicily. Antibodies found in cattle, sheep, 
goats and camels. 

Thottapalayam virus. Unclassified arthropod
borne virus. Isolated from shrews in India. 

thymidine kinase. An enzyme catalysing the 
phosphorylation of thymidine to thymidylic acid. 
It is induced in cells infected with DNA viruses; 
that of HERPESVIRUS is encoded by the viral DNA 
whereas in PAPOVAVIRUs-infected cells virus rep
lication depends on a cell-encoded enzyme. 

thymidine. A nucleoside of thymine and 
deoxyribose. See NUCLEIC ACID. 

thymine. A constituent pyrimidine base of DNA. 
See NUCLEIC ACID. 

tick-borne encephalitis virus. Synonyms: 
BIPHASIC MILK FEVER VIRUS, RUSSIAN SPRING-SUM
MER ENCEPHALITIS VIRUS. Family F/aviviridae, 
genus Flavivirus. A severe infection of man, 
causing paralysis, meningitis and frequently 
death. Occurs in several central European coun
tries but particularly in the USSR. The virus will 
infect mice, guinea pigs, monkeys, sheep, goats, 
and wild rodents experimentally. There are two 
well-defined subtypes. Disease can be controlled 
by elimination of ticks or by vaccination. 

Tillamook virus. Family Bunyaviridae, genus 
Nairovirus. 

Tilligerry virus. Family Reoviridae, genus 
Orbivirus. Isolated from mosquitoes in New 
South Wales, Australia. 

Timbo virus. Family Rhabdoviridae, un
assigned to genus. Isolated from lizards in Brazil. 
Infects mosquitoes experimentally and kills suck
ling mice. Can be grown in Vero cells. 

Timboteua virus. Family Bunyaviridae, genus 
Bunyavirus. 

Tinaroo virus. Family Bunyaviridae, genus 
Bunyavirus. 

Tindholmur virus. Family Reoviridae, genus 
Bunyavirus. 

Tipula paludosa nuclear polyhedrosis virus. 
BACULOVIRUS (Subgroup A) isolated from the 
leatherjacket, T. pa/udosa, a dipteran pest of 
grassland. Virus infection was probably first 
described in Scotland in 1923. The virus is of the 
SNPV type. Unlike NPV infections of lepidop
teran hosts, the viral occlusion bodies produced 
are crescent-shaped and require the use of a 
reducing agent as well as high pH to dissolve the 
crystalline matrix protein (polyhedrin). The viral 
polyhedrin is unrelated both serologically and in 
N-terminal amino acid sequence to polyhedrins 
of NPVs isolated from Lepidoptera. 
Guelpa, B. et a/. (1977) C. R. hebd. Acad. Sci. 
Paris D 285, 779. 

tissue culture. The growth or maintenance of 
tissue cells or undifferentiated cells in vitro in 
either a liquid or soft gel medium. Tissue culture 
in the strict sense involves the maintenance of 
fragments of tissue or an undifferentiated callus. 
The term is also used for CELL CULTURE and ORGAN 



CULTURE. See PROTOPLASTS. 

titration. The measurement of TITRE. 

titre. The concentration of virus present in a 
preparation measured by bioassay or a relative 
measure of the concentration of a specific anti
body in antiserum. 

TK. Abbreviation for THYMIDINE KINASE. 

Tlacotalpan virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from mosquitoes in 
Mexico. 

TLCK N-a-p-tosyl-L-lysine chloromethyl 
ketone HCI. An inhibitor of CHYMOTRYPSIN. 

Tm. Abbreviation for MELTING TEMPERATURE. 

TM-biocontroi-I. Preparation of a nuclear poly
hedrosis virus of the Douglas fir tussock moth, 
Orgyia pseudotsugata, produced on an industrial 
scale and registered for use as a biological control 
agent for the tussock moth by the US Forest 
Service. 

TN 368 cells. Insect ovarian cell line from the 
cabbage looper, Trichoplusia ni, susceptible to 
infection by AUTOGRAPHA CALIFORNICA NUCLEAR 
POL YHEDROSIS VIRUS and some other baculo
viruses including Hz-1 virus. 

TNM-FH medium. Standard medium for the 
culture ofthe insect cell line TN-368. 

tobacco etch virus. A Potyvirus. 
Purcifull, D.E. and Hiebert, E. (1982) CMI/AAB 
Descriptions of Plant Viruses No. 258. 
Francki, R.I.B. et a/. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

tobacco leafcurl virus. A Geminivirus, sub
group B. 
Osaki, T. and Inouye, T. (1981) CMI/AAB 
Descriptions of Plant Viruses No. 232. 
Harrison, B.D. (1985) Ann. Rev. Phytopath. 23, 
55. 

tobacco mild green mosaic virus. A Tobamo
virus. 
Wetter, C. (1986) In The Plant Viruses. Vol. 2. p. 
205. ed. M.H.V. van Regenmortel and H. 
Fraenkel-Conrat. Plenum Press: New York. 

tobacco mottle virus 223 

tobacco mosaic virus. Type member of the 
Tobamovirus group. This virus has been in the 
forefront of the development of concepts in virol
ogy. It was shown by Mayer (1886) to be trans
missible by sap and by lwanowski (1892) to be 
smaller than a bacterium as the infective agent 
passed through a Chamberland filter-candle. The 
significance of this latter observation was real
ised by Beijerinck ( 1898) who provided evidence 
that the pathogen was not a bacterium but a 
contagium vivumfluidum. The shape and size of 
the particles was inferred in the 1930s from stud
ies on optical birefringence, sedimentation be
haviour and X-ray diffraction of purified prepara
tions of virus. In 1939 Kausche, Pfankuch and 
Ruska visualised the particles for the first time in 
the electron microscope. Helen Purdy ( 1929) 
showed that TMV particles contained protein and 
the RNA was first detected by Bawden and Pirie 
in 1937. It was in 1956 that Gierer and Schramm 
and Fraenkel-Conrat showed that the RNA was 
infectious. The virus is now understood in consid
erable detail including the structure of the particle 
at the atomic level, the sequence of the genomic 
RNA and the in vivo expression ofthe RNA. The 
host range of TMV is very wide and it causes a 
mosaic symptom in many species. However, it is 
latent in many other species including ornamen
tals in which it is prevalent. The virus has a very 
widespread distribution. It has several strains 
including the type strain (also named vulgare, U 1 
or OM) and the U5 and legume or cowpea 
strains. 
Fraenkel-Conrat. H. ( 1986) In The Plant Viruses. 
Vol. 2. p. 5. ed. M.H.V. van Regenmortel and H. 
Fraenkel-Conrat. Plenum Press: New York. 
Bloomer, A.C. and Butler, P.J.C. (1986) In The 
Plant Viruses. Vol. 2. p. 19. ed. M.H.V. van 
Regenmortel and H. Fraenkel-Conrat. Plenum 
Press: New York. 
Palukaitis, P. and Zaitlin, M. ( 1986) In The Plant 
Viruses. Vol. 2. p. 105. ed. M.H.V. van Re
genmortel and H. Fraenkel-Conrat. Plenum 
Press: New York. 
Edwardson, J.R. and Christie, R.G. ( 1986) In The 
Plant Viruses. Vol. 2. p. 153. ed. M.H.V. van 
Regenmortel and H. Fraenkel-Conrat. Plenum 
Press: New York. 

tobacco mosaic virus U2. A strain of Tobacco 
Mild Green Mosaic Virus. 

tobacco mottle virus. Unencapsidated RNA, 
dependent on TOBACCO VEIN DISTORTION VIRUS for 
aphid transmission. 
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Adams, A.N. and Hull, R. (1972) Ann. Appl. 
Bioi. 71, 135. 

tobacco necrosis satellite virus. An unclassified 
plant virus with isometric particles, 17 nm. in 
diameter which sediment at 49-58S. The capsid 
has icosahedral symmetry (T= l) and is composed 
of a single coat protein species (mw. 21.6 x 103). 
Each particle contains a single molecule of linear 
(+)-sense ssRNA (mw. 0.34 x 106; 1239 nucleo
tides) which codes for coat protein. The virus is 
dependent upon tobacco necrosis virus for repli
cation. 
Kassanis, B. (1970) CMI/AAB Descriptions of 
Plant Viruses No. 15. 
Fraenkei-Conrat. H. ( 1988) In The Plant Viruses. 
Vol. 3. p. 147. ed. R. Koenig. Plenum Press: New 
York. 

tobacco necrosis virus. Type member of the 
Necrovirus group. 
Kassanis, B. (1970) CMI/AAB Descriptions of 
Plant Viruses No. 14. 
Fraenkei-Conrat. H. ( 1988) In The Plant Viruses. 
Vol. 3. p. 147. ed. R. Koenig. Plenum Press: New 
York. 

tobacco necrosis virus group. See NECROVIRUS 
GROUP. 

tobacco necrotic dwarf virus. A Luteovirus; 
considered to be a strain of POTATO LEAFROLL 
VIRUS. 
Kubo, S. ( 1981) CMI/ AAB Descriptions of Plant 
Viruses No. 234. 
Francki, R.I.B. et at. (1985) In Atlas of Plant 
Viruses. Vol. l. p. 137. CRC Press: Boca Raton, 
Florida. 
Casper, R. (1988) In The Plant Viruses. Vol. 3. p. 
235. ed. R. Koenig. Plenum Press: New York. 

tobacco rattle virus. (TRY). Type member of 
the Tobravirus group. Causes a range of symp
toms including necrosis in potato tubers (known 
as spraing) systemic necrotic spots and lines on 
tobacco, mottle and necrosis of bulbous ornamen
tals (e.g. tulip, narcissus, gladiolus) and mosaics, 
blotches and ringspots on the leaves of many 
plants. The virus has a very wide host range and 
has been found naturally infecting more than 100 
species. Isolates of the virus fall into two classes, 
stable (M-type) in which nucleoprotein particles 
containing both RNA species are found, and 
unstable (NM) which are caused by infections by 
RNA-I alone and do not have coat protein. 

Harrison, B.D. ( 1970) CMI/ AAB Descriptions of 
Plant Viruses No. 12. 
Francki, R.I. B. et at. ( 1985) In Atlas of Plant 
Viruses. Vol. 2. p. 147. CRC Press: Boca Raton, 
Florida. 

tobacco ringspot virus. Type member of the 
Nepovirus group. 
Stace-Smith, R. (1985) CMI/AAB Descriptions 
of Plant Viruses No. 305. 
Francki, R.I.B. et at. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 23. CRC Press: Boca Raton, 
Florida. 

tobacco streak virus. Type member of the 
1/arvirus group. 
Fulton, R.W. (1985) AAB Descriptions of Plant 
Viruses No. 307. 
Francki, R.I. B. ( 1985) In The Plant Viruses. Vol. 
l. p. l. ed. R.I.B. Francki. Plenum Press: New 
York. 

tobacco stunt virus. An unclassified plant virus 
with rod-shaped particles, 300-340 nm. long and 
18 nm. wide. The particles are made up of a single 
species of coat protein (mw. 48 x 103) and two 
species of dsRNA (mw. 4.5 and 4.0 x 106). The 
virus is transmitted by the phycomycete fungus, 
Otpidium brassicae. These properties are similar 
tO those Of LETTUCE BIG VEIN VIRUS. 
Kuwata, S. and Kubo, S. ( 1986) AAB Descrip
tions of Plant Viruses No. 313. 

tobacco vein distorting virus. A possible 
Luteovirus. 
Francki, R.I.B. et at. (1985) In Atlas of Plant 
Viruses. Vol. l. p. 137. CRC Press: Boca Raton, 
Florida. 

tobacco vein mottling virus. A Potyvirus. 
Francki, R.I.B. et a/. ( 1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

tobacco yellow dwarf virus. A Geminivirus, 
subgroup C. 
Thomas, J.E. and Bowyer, J.W. (1984) CMI/ 
AAB Descriptions of Plant Viruses No. 278. 

tobacco yellow net virus. A possible Luteovirus. 
Francki, R.I.B. et a/. ( 1985) In Atlas of Plant 
Viruses. Vol. l. p. 137. CRC Press: Boca Raton, 
Florida. 

tobacco yellow vein assistor virus. A possible 



Luteovirus. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. l. p. 137. CRC Press: Boca Raton, 
Florida. 
Casper, R. (1988)In The Plant Viruses. Vol. 3. p. 
235. ed. R. Koenig. Plenum Press: New York. 

tobacco yellow vein virus. Unencapsidated 
RNA, dependent on TOBACCO YELLOW VEIN VIRUS 
ASSISTOR VIRUS for aphid transmission. 
Adams, A.N. and Hull, R. (1972) Ann. Appl. 
Bioi. 71, 135. 

Tobamovirus group. (Sigla for TOBACCO MO
SAIC, the type member). Genus of plant viruses 
with rigid rod-shaped particles, 300 nm. long and 
18 nm. in diameter, which sediment at 194S and 
band in CsCl at 1.325 glee. The coat protein 

100nm 

subunits are arranged in a helix with pitch of 2.3 
nm. Each particle contains one molecule of linear 
(+)-sense ssRNA (mw. 2.0 x 1<1'; 6395 nucleo
tides) which has at the 5' end a CAP and atthe 3' end 
a tRNA-like structure which accepts histidine, or 
valine in the cowpea strain of tobacco mosaic 
virus. Replication is in the cytoplasm and is via a 
REPLICATIVE INTERMEDIATE. The 5' end of the 
genomic RNA translates to give products ofmw. 
126 and 183 X 103, the latter being a READTHROUGH 
product of the former. 3' -coterminal suBGENOMIC 
RNAS translate to give proteins of mw. 30 x 103 

and, from the 3' end, the coat protein. Most 
members of this group have moderate host 
ranges. Virus particles are found in most cell 
types and often form large crystalline arrays. 
They are very easily transmitted mechanically. In 
nature they are transmitted by contact imd some 
members by seed. 
Matthews, R.E.F. (1982) lntervirology 17, 158. 
Gibbs, A.J. (1977) CMI/AAB Descriptions of 
Plant Viruses No. 184. 
Francki, R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 103. CRC Press: Boca Raton, 
Florida. 
Gibbs, A.J. (1986) In The Plant Viruses. Vol. 2. 
p. 168. ed. M.H.V. van Regenmortel and H. 
Fraenkel-Conrat. Plenum Press: New York. 

Tobravirus group. (Sigla of TOBACCO RATTLE, 
the type member). Genus of MULTICOMPONENT 
plant viruses with rigid rod-shaped particles of 
two lengths. Long (L) particles are 180-215 nm. 
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long and short (S) particles are 46-114 nm.long 
depending on isolate; both are 21-23 nm. in dia
meter. The coat protein subunits (mw. 22 x 103) 

D 100nm 

are arranged in a helix with pitch of 2.5 nm. The 
genome comprises two species oflinear (+)-sense 
ssRNA, the L particles containing RNA-I (mw. 
2.4 x 1<1') and the S particles RNA-2 (mw. 0.6-1.4 
x 1 <1'); the size of the latter depends on isolate. 
RNA-I can multiply and spread in the plant on its 
own but produces only unencapsidated nucleic 
acid. RNA-2 codes for the coat protein. The host 
range is wide. Virus particles are found in most 
cell types and often associate with mitochondria. 
Most members are easily mechanically transmit
ted. Natural transmission is mainly by nematodes 
(Trichodorus and Paratrichodorus spp.). Some 
are seed-transmitted. 
Matthews, R.E.F. (1982) lntervirology 17, 170. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 147. CRC Press: Boca Raton, 
Florida. 
Harrison, B.D. and Robinson, D.J. (1986) In The 
Plant Viruses. Vol. 2. p. 339. ed. M.H.V. van 
Regenmortel and H. Fraenkel-Conrat. Plenum 
Press: New York. 

Togaviridae. (Latin 'toga' =gown, cloak.) A 
family of enveloped RNA viruses with spherical 
particles 40-70 nm. in diameter sedimenting at 
150-300S and having a buoyant density of less 
than 1.25 g/cc in CsCl. The viruses have a spheri
cal nucleocapsid 25-35 nm. in diameter and pos
sess an icosahedral symmetry. Surface projec-

100nm 

tions are clearly defined in most viruses. There 
are four genera, ALPHA VIRUS, ARTER/VIRUS, RUB/VIRUS 

and PEST/VIRUS. The viruses contain three to four 
proteins, one or more of which are glycosylated. 
Each capsid contains a single molecule of infec
tious (+)-sense ssRNA, mw. c.4 x 106• Replica
tion is in the cytoplasm in arthropods as well as in 
vertebrates. Members of the generaRubivirus and 
Pestivirus are not arthropod-borne. 
Matthews, R.E.F. (1982) Intervirology 17, 97. 

tomato (Peru) mosaic virus. A possible 
Potyvirus. 
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Fribourg, C.E. and Femandez-Northcote, E.N. 
(1982) CMI/AAB Descriptions of Plant Viruses 
No. 255. 
Francki, R.I.B. et a/. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

tomato apical stunt viroid. A VIROID, 360 nu
cleotides. 
Walter, B. ( 1987) In The Viroids. p. 321. ed. T.O. 
Diener, Plenum Press: New York. 

tomato aspermy virus. A Cucumovirus. 
Hollings, M. and Stone, O.M. ( 1971) CMI/ AAB 
Descriptions of Plant Viruses No. 79. 
Francki, R.I. B. (1985) In The Plant Viruses. Vol. 
I. p. I. ed. R.I.B. Francki. Plenum Press: New 
York. 

tomato black ring virus. A Nepovirus. 
Murant, A.F. (1970) CMI/AAB Descriptions of 
Plant Viruses No. 38. 
Francki, R.I. B. et a/. ( 1985) In Atlas of Plant 
Viruses. Vol. 2. p. 23. CRC Press: Boca Raton, 
Florida. 

tomato bunchy top viroid. A VIROID. 
Diener, T.O. (1987) In The Viroids. p. 329. ed. 
T.O. Diener. Plenum Press: New York. 

tomato bushy stunt virus. Type member of the 
T ombusvirus group. 
Martelli, G.P. et at. (1971) CMI/AAB Descrip
tions of Plant Viruses No. 69. 
Francki, R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. I. p. 181. CRC Press: Boca Raton, 
Florida. 
Martelli, G.P. et at. (1988) In The Plant Viruses. 
Vol. 3, p. 13. ed. R. Koenig. Plenum Press: New 
York. 

tomato golden mosaic virus. A Geminivirus, 
subgroup B. The genome consists of two species 
of ssDNA, 2588 and 2508 nucleotides. 
Buck, K.W. and Coutts, R.H.A. (1985) AAB 
Descriptions of Plant Viruses No. 303. 
Harrison, B.D. (1985) Ann. Rev. Phytopath. 23, 
55. 

tomato leaf curl virus. A probable Geminivirus, 
subgroup B. 
Harrison, B.D. (1985) Ann. Rev. Phytopath. 23, 
55. 

tomato mosaic virus. A Tobamovirus. 

Hollings, M. and Huttinga, H. ( 1976) CMI/ AAB 
Descriptions of Plant Viruses No. 156. 
Brunt, A.A. (1986) In The Plant Viruses. Vol. 2. 
p. 181. ed. M.H.V. van Regenmortel and H. 
Fraenkel-Conrat. Plenum Press: New York. 

tomato planto macho viroid. A VIROID, 360 
nucleotides. 
Galindo, A.J. (1987) In The Viroids. p. 315. ed. 
T.O. Diener. Plenum Press: New York. 

tomato pseudo-curly top virus. A possible 
Geminivirus, transmitted by treehoppers. 
Harrison, B.D. (1985) Ann. Rev. Phytopath. 23, 
55. 

tomato ringspot virus. A Nepovirus. 
Stace-Smith, R. (1984) CMI/ AAB Descriptions 
of Plant Viruses No. 290. 
Francki, R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 23. CRC Press: Boca Raton, 
Florida. 

tomato spotted wilt virus. Type member of the 
Tomato Spotted Wilt Virus group. 
le, T.S. (1970) CMI/AAB Descriptions of Plant 
Viruses No. 39. 
Francki, R.I.B. et a/. (1985) In Atlas of Plant 
Viruses. Vol. I. p. 101. CRC Press: Boca Raton, 
Florida. 

Tomato spotted wilt virus group. (Named after 
the type virus). Monotypic genus of a plant virus 
with spherical particles, 82 nm. in diameter which 
sediment at 560S and band in sucrose at 1.21 glee. 
The particles have a lipid bilayer envelope sur
rounding an internal ribonucleoprotein core. 

0 100nm 

There are four major virion polypeptides (mw. 
78, 58, 52 and 27 x 103). The particles contain 
ssRNA of uncertain polarity which occurs as 
three species (mw. 2.7, 1.7 and 1.1 x 106). The 
host range is very wide. Virus particles are 'found 
in most cell types. Infected cells contain charac
teristic granular inclusions (VIROPLASMS). The 
virus is readily transmitted mechanically. In na
ture it is transmitted by thrips in the PERSISTENT 
TRANSMISSION manner. 

The structure and replication of this virus are 
considered to resemble those of BUNY A VIRUSES. 
Matthews, R.E.F. (1982) Intervirology 17, 123. 



le, T.S. ( 1970) CMI/AAB Descriptions of Plant 
Viruses No. 39. 
Francki, R.I.B. et a/. (1985) In Atlas of Plant 
Viruses. Vol. I. p. 101. CRC Press: Boca Raton, 
Florida. 

tomato top necrosis virus. A possible 
Nepovirus. 
Francki, R.I. B. et a/. ( 1985) In Atlas of Plant 
Viruses. Vol. 2. p. 23. CRC Press: Boca Raton, 
Florida. 

tomato vein clearing virus. A plant Rhabdo
virus occurring in Japan. 
Kano, T. eta/. ( 1985) Ann. Phytopath. Soc. Japan 
51,606. 

tomato vein-yellowing virus. A plant Rhabdo
virus. 
El Maataoui, M. eta/. (1985) Phytopath. 75, 109. 

tomato white necrosis virus. A possible Tymo
virus. 
Hirth, L. and Girard, L. (1988) In The Plant 
Viruses. Vol. 3. p. 163. ed. R. Koenig. Plenum 
Press: New York. 

tomato yellow dwarf virus. Synonym: TOBACCO 
LEAFCURL VIRUS. 

tomato yellow leaf curl virus. Synonym: TO
MATO LEAF CURL VIRUS. 

tomato yellow mosaic virus. Synonym: TOMATO 
GOLDEN MOSAIC VIRUS. 

tomato yellow net virus. A possible Luteovirus. 
Francki, R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. I. p. 137. CRC Press: Boca Raton, 
Florida. 

tomato yellow top virus. A Luteovirus, consid
ered to be a strain of POTATO LEAFROLL VIRUS. 
Francki, R.I.B. et a/. (1985) In Atlas of Plant 
Viruses. Vol. I. p. 137. CRC Press: Boca Raton, 
Florida. 
Casper, R. (1988) In The Plant Viruses. Vol. 3. p. 
235. ed. R. Koenig. Plenum Press: New York. 

Tombusvirus group. (Sigla of TOMATO BUSHY 
STUNT, the type member). Genus of plant viruses 
with isometric particles, 30 nm. in diameter, 

100nm 
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which sediment at 149S and band in CsCI at 1.35 
g/cc. The particles have icosahedral symmetry 
(T=3), the coat protein subunit having mw. 41 x 
I 03• Each particle contains one molecule of linear 
(+)-sensessRNA (mw. 1.5 x 106). The host ranges 
of members are wide. Virus particles are found in 
the cytoplasm and nuclei of most cell types; 
infections are characterised by compact membra
nous inclusions. Tombusviruses are readily me
chanically transmitted. They are also transmitted 
through soil. 
Matthews, R.E.F. (1982) Intervirology 17, 142. 
Francki, R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. I. p. 181. CRC Press: Boca Raton, 
Florida. 
Martelli, G.P. eta/. ( 1988) In The Plant Viruses. 
Vol. 3. p. 13. ed. R. Koenig. Plenum Press: New 
York. 

tombusvirus Neckar. See NECKAR RIVER VIRUS. 

Tonate virus. Family Togaviridae, genus 
Alphavirus. 

Toroviridae. A family of enveloped, peplomer
bearing particles containing an elongated tubular 
nucleocapsid with helical symmetry. The capsid 
may bend into an open torus, conferring a bicon
cave disc or kidney-shaped morphology to the 
virion (120-140 nm.) or the capsid may be a rod
shaped particle (35-170 nm.). The virus genome 
is (+)-sense ss RNA, mw. c. 6.5 x 106 and has a 
polyadenylic acid tract at its 3' end. The RNA is 
surrounded by a major nucleocapsid phosphopro
tein, mw. c. 20 x 103 which in tum is enveloped by 
a membrane containing one major protein, mw. 
22 x 103 and a phosphoprotein, mw. 37 x 103• The 
peplomers, c. 20 nm. in length, carry determi
nants for neutralisation and haemagglutination, 
and consist of a polydisperse N-glycosylated 
protein, mw. 75-100 x 103• Infected cells contain 
four subgenomic polyadenylated RNAs with 
mw. 3.0, 0.71, 0.46 and 0.26 x 106• All the 
toroviruses identified so far cause enteric infec
tion. The viruses occurring in man, horse and 
cattle are serologically related. 
Horzinek, M.C. eta/. ( 1987) Intervirology 27, 17. 

Toscana virus. Family Bunyaviridae, genus 
P h/ebovirus. 

Totiviridae. (Latin 'totus' = whole or undi
vided). Family of fungal viruses with monopartite 
dsRNA containing a single genus, the TOTIVIRUS 
GROUP. 
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Totivirus group. (Type member Saccharo
myces cerevisiae virus Ll). Only genus of 
TOTtVtRIDAE. The particles are isometric, 40-43 
nm. in diameter, sediment at l6l-l72S and band 
in CsCl at 1.40-1.42 glee. The capsid is composed 
of a single coat protein species (mw. 73-88 x l 03). 

Each particle contains a single molecule of 
dsRNA (mw. 3.3-4.2 x 106) and also RNA poly
merase activity. Some virus isolates also have sat
ellite dsRNAs which encode 'killer' proteins and 
which are encapsidated separately in particles 
encoded by the helper virus genome. 
Buck, K.W. (1986) In Fungal Virology. p. l. ed. 
K.W. Buck. CRC Press: Boca Raton, Florida. 

Toure virus. Unclassified arthropod-borne 
virus. Isolated from Kemp's gerbil in Senegal. 

Tradescantia (Zebrina) virus. A possible 
Potyvirus. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

transcapsidation. See PHENOTYPIC MIXING. 

transcript. The RNA molecule produced by 
TRANSCRIPTION. The primary transcript is often 
processed or modified to give the mature func
tional RNA, e.g. mRNA, rRNA or tRNA. 

transcriptase. See DNA-DEPENDENT RNA POLY
MERASE or RNA-DEPENDENT RNA POLYMERASE. 

transcription. The process of RNA synthesis by 
polymerases from a nucleic acid template. See 
REVERSE TRANSCRIPTION. 

transducing phage. Defective phage that con
tains host DNA sequences as well as, or instead 
of, viral genes. See TRANSDUCTION. 

transduction. The transfer of genes from one 
host cell to another by a virus. The mechanism is 
best understood with phages but also occurs with 
other viruses which integrate into host DNA (e.g. 
RETROVIRUSES which transfer host DNA including 
tumour-inducing 'oncogenes'). Two mecha
nisms of transduction are known in phage: a) 
specialized transduction (restricted to TEMPERATE 
PHAGES) in which phages obtained from a lysogen 
carry specific regions of the host chromosome, 
usually close to the prophage integration site 
(following faulty excisions); b) generalised 
transduction, where all segments of the host chro-

mosome may be transferred (by faulty packaging 
of DNA during virion formation). Specialised 
transducing phages include A. PHAGE. Faulty exci
sion of the prophage produces molecules with 
both viral and host DNA, and occurs at a low 
frequency of about one in I OS (low frequency 
transduction). Co-infections of a defective 
transducing phage and a normal 'helper' phage 
can yield transducing phages at a frequency of 
one in two (high frequency transduction). Gener
alised transduction arises by encapsidation of cel
lular DNA by the headful packaging mechanism. 
Virulent or temperate phages (e.g. Tl, T4, PI, 
P22) are able to form generalised transducing par
ticles. 
Bishop, J.M. (1984) In The Microbe 1984 1: 
Viruses. p. 121. ed. B.W.J. Mahy and J.R. Patti
son. Cambridge University Press: Cambridge. 
Ritchie, D.A. (1983) In Topley and Wilson's 
Principles of Bacteriology, Virology and Immu
nity. Vol. I. p. 177. ed. G. Wilson, A. A. Miles and 
M.T. Parker. Edward Arnold: London. 

transfection. The successful virus-infection of 
cells following their inoculation with viral nu
cleic acid. 

transfer RNA. The RNA molecule responsible 
for decoding the genetic information in an 
mRNA. There are tRNA molecules specific for 

Amino acid 
ding site 

A Free3'-
/:; hydroxyl end 
I 

5'-end C 

Amino 
acid 
arm 

G 

. D~HU ){U \ Extra 
/ \. '\,arm 
e \ S ,...__, 

Dihydrouridine Anticodon 
arm arm y u PuMe 

~ 
Anticodon 

IP• pseudouridine; Pu, purine; Py, pyrimidine; 
DiMe, dimethyl; DHU, dihydro-uridine. 



Trichoplusia ni cytoplasmic polyhedrosis virus 229 

each amino acid. The RNA is folded into a 'clo
ver-leaf' secondary structure. The anticodon loop 
has a sequence complementary to the specific 
codon; the acceptor stem is charged with the 
specific amino acid, via its 3' adenosine residue, 
by the enzyme, aminoacyl-tRNA synthetase. See 
WOBBLE HYPOTHESIS. 

transformation. Gene transfer by the uptake of 
DNA by competent cells. Following the uptake 
the input DNA may recombine with that of the 
host or may replicate independently as a plasmid 
or virus. The term is also used to describe the 
change of a cell from the normal to the tumori
genic state. 

transformation assay. A test for the frequency 
with which cells are rendered tumorigenic by a 
virus. The effect of the virus on a monolayer of 
cells is observed; transformed cells grow in a 
manner different from that of normal cells, often 
forming plaques of heaped-up colonies. 

translation. The process of synthesis of a protein 
by ribosomes moving along an mRNA. 

transmission. The act of transfer of a virus from 
an infected organism to a non-infected one. Ex
amples are: for certain viruses of vertebrates by 
droplet inhalation, by physical contact or by 
vector, often an arthropod (e.g. arboviruses); for 
plant viruses by contact (e.g. TOBACCO MOSAIC 
VIRUS), by arthropod vector (e.g. aphid transmis
sion of POTYVIRUSES), by nematode vector (e.g. 
NEPOVIRUSES), by pollen (e.g. ILARVIRUSES) or by 
fungus (e.g. TOBACCO NECROSIS VIRUS); for insect 
viruses by mouth or by wounding by parasites; for 
fungal viruses by anastamosis. These forms of 
transmission are termed HORIZONTAL 
TRANSMISSION. VERTICAL TRANSMISSION is from 
mother to progeny, e.g. seed transmission of 
some plant viruses. 

transmission electron microscope. An ELEC
TRON MICROSCOPE in which the electron beam is 
passed through a thin specimen, either a prepara
tion of virus particles, NEGATIVELY STAINED or 
shadowed, or a thin section of tissue mounted on 
a grid. The image of the specimen is magnified 
using electrostatic lenses and observed on a fluo
rescent screen or photographed. The resolution of 
biological materials is about 2 nm. for negatively 
stained samples and 5 nm. for sectioned material. 

transport protein. A protein involved in the 

transport of small molecules around the cell. 

transposon. A discrete piece of DNA which can 
insert itself into other DNA sequences within the 
cell. The ends of the transposon DNA are usually 
inverted repeats. Transposons in bacteria often 
carry genes which confer antibiotic or heavy
metal resistance to the host cell. Transposons 
have been found in many organisms including 
bacteria, insects, humans, yeast and plants. They 
can be used to study gene function by examining 
their effect when inserted into different regions of 
the (viral) genome. 

triangulation number. A description of a trian
gular face of an ICOSAHEDRON indicating the 
number of triangles into which each face is di
vided when forming an ICOSADELTAHEDRON. The 
triangulation number T = Pf2, where P is any 
number of the series I, 3, 7, 13, 19, 21, 31, ... (=h2 

+ hk + k\ h and k are any integers with no 
common factor) and f is any integer. See ICOSA
HEDRAL SYMMETRY, QUASI EQUIVALENCE THEORY. 

Tribec virus. Family Reoviridae, genus Orbi
virus. Isolated from ticks, mice and goats in 
Slovakia. Antibodies found in man. 

trichloracetic acid (TCA). CCI,COOH (mw. 
163.39). A chemical used (5-10% solutions) for 
the quantitative precipitation of nucleic acids and 
proteins. It is frequently used when the radio· 
active counts incorporated into macromolecules 
are being measured. The precipitates are caught 
on glass fibre disks, the unincorporated radio
activity washed away, the disks dried, placed in 
scintillation fluid and counted in a scintillation 
counter. 

Trichoplusia ni cytoplasmic polyhedrosis 
virus. Cytoplasmic polyhedrosis virus (CPV) 
isolated in the United Kingdom from laboratory 
cultures of the cabbage looper, Trichoplusia ni 
(Noctuidae, Lepidoptera). The virus is the type 
member of 'type 5' CPVs. Viruses of similar 
electropherotype have been observed in other 
Lepidoptera (Appendix B) and are unrelated to 
Bombyx mori (type I) CPV on the basis of RNA 
electropherotype, serological properties and 



230 Trichoplusia ni granulosis virus 

{triangulation number} 

Numbers of morphological and structural subunits 
in particles with icosahedral symmetry. 

p f 

3 

I 2 
7 I 
I 3 
I 4 

5 

T 

3 

4 
7 
9 
16 

25 

Morphological 
subunits 

12 

32 

42 
72* 
92 

162 

252 

* Morphological subunits are 72 PENTAMERS. 

nucleic acid homology. 
Payne, C.C. and Mertens, P.P.C. (1983) In The 
Reoviridae. p. 425. ed. W.K. Joklik. Plenum 
Press: New York. 

Trichoplusia ni granulosis virus. Type species 
of Subgroup B of the BACULOVIRUS genus. The 
basic structure and composition of the virus par
ticles are very similar to those of other baculo
viruses (see BACULOVIRUS, GRANULOSIS VIRUS, 

NUCLEAR POLYHEDROSIS VIRUS). The granuJin 
amino acid sequence is also related to that of other 
GVs (e.g. Pieris brassicae GV; 77% amino acid 
homology) and NPVs (e.g. Autographa califor
nica MNPV; 53% amino acid homology). Pro
ductive virus infection has been achieved in cell 
lines derived from the homologous host although 
susceptibility of the cells decreased during serial 
passage. 
Granados, R.R. et al. (1986) Virology 152, 472. 

Trichoplusia ni nuclear polyhedrosis virus. 
The cabbage looper, Trichoplusia ni, is suscep
tible to infection by at least two distinct NPV s; an 
MNPV and an SNPV. The MNPV is closely 
related to, and regarded as a genotypic variant of, 
Autographa californica NPV. The SNPV is serol
ogically related to some other SNPVs isolated 
from related insect species (e.g. Pseudoplusia 
includens). Both the MNPV and SNPV have been 
successfully cultivated in vitro. 
Granados, R.R. et a!. (1986) Virology 152, 
472. 

Structural 
subunits 

60 

180 

240 
360 
540 
960 

1500 

Example 
subunits 

Phage 0X 
Poliovirus 
Tobacco necrosis 
satellite virus 
Turnip yellow 
mosaic virus 
Nudaurelia ~ virus 
Polyoma virus 
Reovirus 
Herpes virus 
Varicella zoster virus 
Adenovirus 

tricine. N-tris(hydroxymethyl)methylglycine 
(mw. 179.17). A biological buffer, pKa 8.15, used 
in the pH range 7.0- 9.2. Differs from TRIS in that 
it has significant binding capacity for Mg2+, Ca2+, 

Mn2+ and Cu2+. 

Good, N. eta!. (1966) Biochemistry 5, 467. 

Tricornaviridae. ('trico', referring to tripartite 
genome, and RNA). An unofficial family com
prising the BROMOVIRUS, CUCUMOVIRUS, ALFALFA 

MOSAIC VIRUS and ILARVIRUS GROUPS. Character
ised by having isometric or quasi-isometric par
ticles containing ssRNA genomes comprising 
three species. 
van Vloten-Doting, L. et al. ( 1981) Intervirology 
15, 198. 

Triphaena pronuba Cytoplasmic Polyhedro
sis Virus. See NOCTUA PRONUBA CYTOPLASMIC 

POL YHEDROSIS VIRUS. 

tris. Tris(hydroxymethyl)methylamine (mw. 
121.14 ). A widely used biological buffer, pKa 8.3, 
with a pH range 7.0-9.2. 
Good, N. et al. (1966) Biochemistry 5, 467. 

Triticum aestivum chlorotic spot virus. A 
possible plant Rhabdovirus. 
Francki, R.I.B. et al. ( 1985) In Atlas of Plant 
Viruses. Vol. I. p. 73. CRC Press: Boca Raton, 
Florida. 

Triton X-100. Iso-octylphenoxypoly-



ethoxyethanol, the polyethoxy chain containing 
approximately ten ethoxy units. A NON-IONIC DE
TERGENT with many uses e.g. disruption of cells, 
stabilising proteins, solubilising aqueous 
samples in scintillation fluids. 

Trivittatus virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from mosquitoes in several 
states in mid-west of the USA. 

tRNA. Abbreviation for TRANSFER RNA. 

Trubanaman virus. Family Bunyaviridae, 
genus Bunyavirus. Isolated from mosquitoes. 
Antibodies found in man and several other 
species. 

trypsin. An enzyme catalysing the hydrolysis of 
peptide bonds on the carboxyl side of arginine, 
lysine and amino-ethyl cysteine residues. 

tryptic peptide A peptide formed from a protein 
by the action of trypsin. It has arginine, lysine or 
amino-ethyl cysteine at the C-terminus. 

ts-mutant. Abbreviation for TEMPERATURE SENSI

TIVE MUTANT. 

tsetse fly virus. An unclassified DNA-contain
ing virus isolated from the tsetse fly, Glossina 
pallidipes (Glossinidae, Diptera), in Kenya. Vi
rus particles morphologically resemble elongated 
BACULOVIRUS nucleocapsids, being rod-shaped, 
57 nm. wide by 700-1300 nm. long. Particle 
lengths fall into two size classes with 'short' 
particles averaging 869 nm. and 'long' particles 
1175 nm. Unlike baculoviruses, no fully envel
oped virions have been found in purified prepara
tions. There are at least twelve structural poly
peptides (major component, mw. 39 x 103). The 
genome is a dsDNA which is linear and may be 
heterogeneous in size. Virus infection in adult 
tsetse flies is characterised by hypertrophied 
(enlarged) salivary glands and sterility in male 
flies. In this regard and in some structural proper
ties the virus may be related to virus particles 
observed in the syrphid, Merodon equestris 
(Diptera). 
Odindo, M.O. eta/. (1986) J. gen. Virol. 67,527. 

Tsuruse virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from a bird in Japan. 

TTVl phage. Unclassified phage isolated in 
Iceland from the anaerobic, thermophilic 
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archaebacterium Thermoproteus tenax. Particles 
are rigid rods c.400 nm. long, consisting of a 
capsid surrounded by a lipid bilayer envelope 
(phage morphotype F3). The genome is DNA. 
Other isolates with particles of variable length (up 
to 2500 nm.) have been obtained from the same 
source (TIV2 to TIV 4 ). 
Ackermann, H.W. and Du Bow, M.S. (1987) 
Viruses of Prokaryotes. CRC Press: Boca Raton, 
Florida. 

Tulare apple mosaic virus. See APPLE (TULARE) 
MOSAIC VIRUS. 

tulip breaking virus. A Potyvirus. 
van Slogteren, D.M.H. (1971) CMI/AAB 
Descriptions of Plant Viruses No. 71. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

tulip chlorotic blotch virus. A Potyvirus. 
Mowat, W.P. (1985) Ann. Appl. Bioi. 106, 65. 

tulip virus X. A Potexvirus. 
Mowat, W.P. (1984) CMI/AAB Descriptions of 
Plant Viruses No. 276. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 159. CRC Press: Boca Raton, 
Florida. 

tunicamycin. A compound which blocks the 
formation ofN-glycosidic protein- carbohydrate 
linkages. 

turbidimetric analysis. A procedure for meas
uring the light scattered by a turbid (cloudy, hazy) 
solution. Used e.g. for measuring the density of 
cells in solution. 

turbot herpesvirus. See BOTHID HERPESVIRUS 1. 

turkey avipoxvirus. See AVIPOXVIRUS. 

turkey bluecomb disease virus. Synonym: 
TRANSMISSIBLE ENTERITIS OF TURKEYS VIRUS. 
Family Coronaviridae, genus Coronavirus. 
Causes diarrhoea in young birds. Grows in em
bryonated turkey eggs. 

turkey herpesvirus. See GALLID HERPESVIRUS 2. 

turkey meningo-encephalitis virus. Family 
Flaviviridae, genus Flavivirus. Causes a progres
sive and fatal paralysis of turkeys. Mice injected 
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i.e. develop encephalitis. Virus grows in chick 
embryo fibroblasts and in eggs, killing the em
bryo. 

Turlock virus. Family Bunyaviridae, genus 
Bunyavirus. Isolated from birds, rabbits and 
mosquitoes in Canada, USA, Caribbean and 
South America. 

turnip crinkle virus. A member of the Carmo
virus group. The virus is transmitted by flea
beetles. 
Hollings, M. and Stone, O.M. (1972) CMI/AAB 
Descriptions of Plant Viruses No. 109. 
Morris, T.J. and Carrington, J.C. (1988) In The 
Plant Viruses. Vol. 3. p. 73. ed. R. Koenig. 
Plenum Press: New York. 

turnip mosaic virus. A Potyvirus. 
Tomlinson, J.A. (1970) CMI/AAB Descriptions 
of Plant Viruses No. 8. 
Francki. R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. 2. p. 183. CRC Press: Boca Raton, 
Florida. 

turnip rosette virus. A Sobemovirus. 
Hollings, M. and Stone, O.M. (1973) CMI/AAB 
Descriptions of Plant Viruses No. 125. 
Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. l. p. 153. CRC Press: Boca Raton, 
Florida. 
Hull, R. (1988) In The Plant Viruses. Vol. 3. p. 
113. ed. R. Koenig. Plenum Press: New York. 

turnip yellow mosaic virus. Type member of the 
Tymovirus group. 
Matthews, R.E.F. (1980) CMI/AAB Descrip
tions of Plant Viruses No. 230. 
Francki, R.I.B. eta/. (1985) In Atlas of Plant 
Viruses. Vol. l. p. 117. CRC Press: Boca Raton, 
Florida. 
Hirth, L. and Girard, L. (1988) In The Plant 
Viruses. Vol. 3. p. 163. ed. R. Koenig. Plenum 
Press: New York. 

turnip yellows virus. A Luteovirus; considered 
to be a strain of BEET WESTERN YELLOWS VIRUS. 

Francki, R.I.B. et al. (1985) In Atlas of Plant 
Viruses. Vol. l. p. 137. CRC Press: Boca Raton, 
Florida. 
Casper R. (1988) In The Plant Viruses. Vol. 3. p. 
235. ed. R. Koenig. Plenum Press: New York. 

TVX virus. Family Parvoviridae, genus Parvo
virus. Isolated from a human amnion cell line. 

two-dimensional electrophoresis. A technique 
in which the constituents of a sample are sepa
rated by electrophoresis in one dimension on one 
property and in a second dimension, usually at 
right angles to the first, on another property. It is 
used to resolve complex mixtures of molecules. 
Examples are: I) the 2-D separation of proteins 
based, in the first dimension, on their ISOELECfRIC 
POINTS and, in the second dimension, on their 
denatured molecular size; 2) the separation of 
DNA in the first dimension as ds molecules in a 
neutral buffer and in the second dimension as ss 
molecules in a denaturing solution. 
Favoloro, J.M. et al. (1980) Methods Enzymol. 
65,718. 

Tymovirus group. (Sigla of TURNIP YELLOW 
MOSAIC, the type member). Genus of plant viruses 
with isometric particles, 29 nm. in diameter, 
which sediment as two components at ll5S 
(bottom (B)) and 54S (top (T) which is nucleic 
acid free) and band in CsCI at 1.42 and 1.29 g/cc 
respectively. The particles have icosahedral 

100nm 

symmetry (T=3) and are composed of coat pro
tein subunits of mw. 20 x I 03• Each B component 
particle contains a single molecule of linear ( + )
sense ssRNA (mw. 2.0 x I <Y') which has a CAP at 
the 5' terminus and a tRNA-like structure which 
accepts valine at the 3' end. Replication is proba
bly in vesicles induced on the outside of the 
chloroplast membrane. The host ranges are nar
row. Tymoviruses infect most cell types and 
cause characteristic clumping of the chloroplasts. 
They are easily mechanically transmitted. In 
nature they are transmitted by beetles. 
Matthews, R.E.F. (1982) Intervirology 17, 138. 
Koenig, R. and Lesemann, D-E. (1979) CMI/ 
AAB Descriptions of Plant Viruses No. 214. 
Francki, R.I. B. et at. ( 1985) In Atlas of Plant 
Viruses. Vol. l. p. 117. CRC Press: Boca Raton, 
Florida. 
Hirth, L. and Givord, L. ( 1988) In The Plant 
Viruses. Vol. 3, p. 163. ed. R. Koenig. Plenum 
Press: New York. 

Type B Oncovirus group. A genus in the 
subfamily Oncovirinae. The most important 
member is the MOUSE MAMMARY TUMOUR VIRUS. 

Type C Oncovirus group. A genus in the 
subfamily Oncovirinae. Members cause leuk-



aemia and sarcomas. They can be exogenous 
when the virus is shed by infected cells or en
dogenous when the genetic material is integrated 
into the cell genome. 

type-specific antigen. An antigen specific to a 
certain type of virus. See GROUP-SPECIFIC ANTIGEN. 

typing phages. Bacteriophages used in the sub
division of species, biotypes or serotypes of bac-
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teria into 'phage types' based on their susceptibil
ity to more or Jess host -range specific phages. See 
PHAGE TYPING. 

Tyuleniy virus. Family Flaviviridae, genus 
Flavivirus. Isolated from ticks in USA and USSR. 
Ki11s young and old mice when injected i.e. 
Mosquitoes can be infected experimentally. 
Replicates in pig kidney cell cultures. Antibodies 
are found in humans, fur seals and birds. 


