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SHORT COMMUNICATIONS

Differential Genomic Regions Among Citrus
Tristeza Virus Isolates

S. Gago-Zachert, N. Costa, L. Semorile, and O. Grau

ABSTRACT. As a first step to study the molecular basis of citrus tristeza virus (CTV) biological
variability, we obtained a ¢cDNA library from random-primed dsRNA extracted from a field iso-
late, C268-2, from Concordia, Entre Rios, Argentina. Southern blot analyses was performed with
the clones after digestion with restriction enzymes, using cDNA probes derived from seven CTV
isolates. Fifty-four percent of the restriction fragments from the cDNA library showed a differen-
tial hybridization pattern using probes from the seven CTV isolates. From differential hybridiza-
tion patterns, 11 genomic regions were detected that might be associated with pathogenic
characteristics: protease, methyltransferase, methyltransferase-helicase interdomain, helicase, 5’
and 3’ regions of p65, p27, p25 to p18 intergenic region, p13, p20 and p23.

Citrus tristeza virus (CTV) iso-
lates display a large array of biologi-
cal variability evidenced in the
severity of symptoms induced. The
two most important symptoms are
decline of citrus on sour orange root-
stock and stem pitting of many cul-
tivars regardless of the rootstock.
Biological properties may depend on
the composition of the viral RNA
populations and, therefore, identify-
ing the nature of the sequence vari-
ants present is essential for under-
standing pathogenicity (6). To date,
glasshouse indexing is the only
method available to determine the
biological properties of a given CTV
field isolate (3). However, it is time
consuming, labor intensive and
there may be strains that are “hid-
den” in the isolate through “cross-
protection” or by interference mech-
anisms (1, 8).

At the molecular level, several
studies based on capsid protein gene
(CPG) sequence have grouped iso-
lates having either common biologi-
cal activity or geographical origin (4,
5,7, 11). In a number of cases, the
biological data show that there is a
genetic variation based on CPG
sequence within CTV groups (5).
The sequence of other regions of the
CTV genome have also been used to

332

discriminate isolates. The variabil-
ity in the 5 untranslated region
(UTR) allowed a classification into
three groups (6). Single-strand con-
formation polymorphism (SSCP)
patterns of p25 (9), p20 (10) and p27
(2) genes also have been used to dif-
ferentiate CTV isolates from the five
different biogroups from various
geographical origins (9). No common
marker characteristic of severe or
mild isolates could be identified, but
this method is useful for the analy-
sis of viral population variability in
CTV isolates.

These studies have been based
on single sequences for each isolate.
Genomic determinants responsible
for the different pathogenic activi-
ties of CTV are still unknown.
Therefore, the simultaneous analy-
sis of several genomic regions in the
whole viral population of a CTV iso-
late may result in a more realistic
approach for understanding the bio-
logical traits of the isolate. In a pre-
vious work (12), we obtained a
c¢DNA library from dsRNA extracted
from a field CTV isolate, C268-2,
and screened for clones showing dif-
ferential hybridization between
mild (T312 from Spain, biogroup II)
and severe (T387 from Japan, bio-
group V) CTV isolates (12). We have
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now extended the Southern blot
hybridization analyses to include
five additional CTV isolates: T385
from Spain, biogroup I; VT from
Israel and Pera GS from Brazil, bio-
group III; Bardo B from Brazil, bio-
group IV; and T388 from Spain,
biogroup V. The objective was to
select a panel of isolate-discriminat-
ing cDNA probes.

To perform Southern blot analy-
ses, all ¢cDNA clones were digested
with either BamHI + Xhol + Hinfl
or with BamHI + Xhol + Ddel, then
electrophoresed on 2% agarose gels
and then transferred by capillary
blotting onto Z-probe nylon mem-
branes (BioRad). The blots were
hybridized under stringent condi-
tions (6 x SSC, 68°C) with short-copy
cDNA probes reverse transcribed
from dsRNA from each CTV isolate.

The following panel of cDNA
clones were used in the hybridiza-
tion assays: seven clones (21 restric-
tion fragments) comprising segments
of the polyprotein gene region, 10
clones (35 restriction fragments)
including the triple gene block
region (p6, p65 and p61) and 13
clones (40 restriction fragments)
containing the 3’ viral genome
region (p27, p25, pl8, pl13, p20 and
p23). Five typical hybridizations
patterns were observed: i) fragments
that hybridized with similar signal
intensity with the seven CTV short-
copy cDNA probes regardless the
biogroup; ii) fragments that showed
an increased hybridization signal
with the increase in the biological
severity of the isolate (biogroups I to
V); iii) fragments that showed a
decrease of hybridization signal
with the increase in the biological
severity of the isolate, iv) fragments

that gave a variable hybridization
signal with no correlation with the
biological characteristics of the CTV
isolate; and v) fragments that
hybridized with only with one CTV
isolate (VT, biogroup III).

Fifty-four percent of the restric-
tion fragments from the C268-2
cDNA library exhibited differential
hybridization among the seven CTV
isolates tested. The VT and Pera GS
CTV isolates belong to biogroup III,
but they showed different hybridiza-
tion patterns. On the other hand,
hybridization results indicated that
C268-2 c¢DNA library contains
sequences which hybridize to more
than one CTV biogroup.

Eleven genomic regions were
identified, based on hybridization
patterns, that may be associated
with pathogenic characteristics: pro-
tease, methyltransferase, methyl-
transferase-helicase  interdomain,
helicase, 5 and 3’ regions of p65,
p27, p25-p18 intergenic region, p13,
p20 and p23. These probes will be
used in dot blot assays to look for
discrimination among biologically
different CTV isolates.

ACKNOWLEDGMENTS

We are grateful to P. Moreno and
dJ. Guerri for dsRNAs from Spanish
CTV isolates. This work was sup-
ported by grants from SECYT/
CONICET-B1D802-0C/AR PID332
and the European Union, Contract
EBBICI8CT960044. L. S. and O. G.
are recipients of the Research
Career award from Comision de
Investigaciones Cientificas de la
Provincia de Buenos Aires, Argen-
tina. S. G-Z. is a fellow of the
CONICET-Argentina.

LITERATURE CITED

1. Broadbent, P., C. M. Dephoff, N. Franks, M. Gillings, and J. B. Indsto
1995. Pre-immunisation of grapefruit with a mild protective isolate of citrus tristeza
virus in Australia. In: Proc. 3rd International Workshop on Citrus Tristeza Virus and the
Brown Citrus Aphid in the Caribbean Basin: Management Strategies, 163-168. FAO,

Univ. Florida, USDA-OICD, Lake Alfred.



334

10.

11.

12.

Fourteenth IOCV Conference, 2000—Short Communications

Gago-Zachert, S., L. Semorile, N. Costa, and O. Grau
2000. Variability of p27 gene from several isolates of citrus tristeza virus as analyzed by
single-strand conformation polymorphism. In: Proc. 14th Conf. IOCV, 338-342. IOCV,
Riverside, CA.

Garnsey, S. M., D. J. Gumpf, C. N. Roistacher, E. L. Civerolo, R. F. Lee, R. K. Yokomi, and
M. Bar-Joseph
1987. Towards a standardized evaluation of the biological properties of citrus tristeza
virus. Phytophylactica 19: 151-157.

Gillings, M., P. Broadbent, J. Indsto, and R. Lee
1993. Characterization of isolates and strains of citrus tristeza closterovirus using
restriction analysis of the coat protein gene amplified by the polymerase chain reaction.
dJ. Virol. Methods 44: 305-317.

Gillings, M., P. Broadbent, and J. Indsto
1996. Restriction analysis of amplified CTV coat protein cDNA is a sensitive and rapid
method for monitoring and controlling CTV infections. In: Proc. 13th Conf. IOCV, 25-317.
IOCV, Riverside, CA.

Lopez, C., M. A. Ayllén, J. Navas-Castillo, J. Guerri, P. Moreno, and R. Flores
1998. Molecular variability in the 5’ and 3’ terminal regions of citrus tristeza virus RNA.
Phytopathology 88: 685-691.

Mawassi, M., R. Gafny, and M. Bar-Joseph
1993. Nucleotide sequence of coat protein gene of citrus tristeza virus: Comparison of
biologically diverse isolates collected in Israel. Virus Genes 7: 265-275.

Moreno, P., J. Guerri, J. F. Ballester-Olmos, C. Fuentes-Polo, R. Albiach, and M. E. Martinez
1993. Separation and interference of strains from citrus tristeza virus isolates evi-
denced by biological activity and double-stranded RNA (dsRNA) analysis. Plant Pathol.
42: 35-41.

Rubio-Miguélez, L., M. A. Ayllén, J. Guerri, H. Pappu, C. L. Niblett, and P. Moreno
1996. Differentiation of citrus tristeza virus (CTV) isolates by single-strand conforma-
tion polymorphism analysis of the coat protein gene. Ann. Appl. Biol. 129: 479-489.

Rubio-Miguélez, L.

1997. Diferenciacion y caracterizacion molecular de aislados del virus de la tristeza de
los citricos (CTV). Aplicacién al control de la enfermedad. Tesis doctoral.

Pappu, H., S. Pappu, C. Niblett, R. Lee, and E. Civerolo
1993. Comparative sequence analysis of coat proteins of biologically distinct citrus
tristeza virus isolates. Virus Genes 7: 252-264.

Semorile, L., R. Dewey, M. L. Garcia, E. Dal B4, P. D. Ghiringhelli, V. Romanowski, and
0. Grau
1993. ¢cDNA clones of CTV that discriminate severe and mild strains. In: Proc. 12th
Conf I0CV, 28-32. IOCV, Riverside, CA.



