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Detection of Apple Stem Grooving Capillovirus by Immunocapture Reverse Transcription Polymerase
Chain Reaction in Citrus. SHIMOMURA Katsumi and Nario Kusano (Fukuoka Agric. Res.Cent.,Chikushino,
Fukuoka 818 — 8549, Japan) Bull. Fukuoka Agric. Res.Cent. 21 : 87 — 91 (2001)

Apple stem grooving virus (ASGV), known to be a pathogen of the bud — union creases in citrus
trees grafted on trifoliate orange rootstock, can be detected by enzyme — linked immunosorbent assay
(ELISA) easily and immediately if there is a sufficient number of virus particles in the plant or sample.
Unfortunately, ASGV is often not detectable by ELISA because low numbers of particles are present. We
designed new forward primers on the basis of the nucleotide sequences of coat protein regions of several
strains of ASGV and examined whether immunocapture reverse transcription polymerase chain reaction
(IC—-RT —PCR) was useful or not for the diagnosis of ASGV against samples that couldn’t be judged
by ELISA. We were able to detect ASGV using either RT — PCR or IC — RT — PCR. The detection ability
of RT — PCR was 100 times higher when we used the new forward primer [CTLV —-CP2 (+):5 -—
AGGCAGAACTCTTTGAACGA — 3’]. ASGV was detected by IC—RT — PCR using the new primer in the
saps from new leaf and bark, two — year —old leaf and bark at three months after sprouting, but it was
not detected by ELISA. IC—RT —PCR using CTLV —CP2 (+) was very useful and efficient for rechecking
for ASGV. This method could detect ASGV immediately because it could be performed without the
extraction of RNAs from samples.
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Table 1. Primers used for RT-PCR to detect ASGV.

Primers® Sequences (5" -3")"

forward
CTLV-ON (+)
ASGY-ON2 (+)
CTLV-CPL (+)
CTLV-CP2(+)
CTLV-CP3(4)
CTLV-CP4($)

reverse
ASCT-3" (-)

*TCTATT CAG CTC GTT TCT TGG AG™ °°
**?°GAA GGG GAG ACT GAC GAA GG*°*°
**“*AGT TTG GAA GAC GTG CTT CG°°°°
°°“*AGG CAG AAC TCT TTG AAC GA°°°®
©°AAG AAA TGG CCC AAA GCT TT°'®?
S22IGCT TTT TCG TAC TGA AGG AC®*°'

**°AGA GTG GAC AAA CTC TAG AC**77

a)Primers were designed on the basis of the nucleotide
scquences of the genomes of 5 isolates of ASGV and CTLV'".

b)Figures indicate the nucleotide positions in the genome
of ASGV(P-209)" .
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Fig.1 ELISA of sap from ASGV (BD-44) -infected
citrus tree leaves.

M 1 2 3 4 5 6 7 8 8 10 M

Fig. 2. Agarose gel electrophoresis of DNAs amplified by IC-
RT-PCR from leaf samples of a citrus tree infected with
ASGV(BD-44). Lane M, DNA 100 bp ladder marker, lanes 1 to
7, DNA products from threefold dilution samples from 1/10
to 1/7290, respectively, lane 8, a product from a healthy
sample. Lane 9 and 10, DNA products amplified by RT-PCR
from RNAs extract of infected and healthy samples. The
arrow indicates the ASGV specific DNA band
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Fig. 3. Agarose gel electrophoresis of DNAs amplified by PCR
from leaf samples of a citrus tree infected with ASGV(BD-
44). Lane M, DNA 100 bp ladder marker, lanes 1 to 5, DNA
products from ASGV-infected samples, lane 6 to 10, DNA
products from healthy samples. Primers used were CTLV-ON(+)
and ASCT-3'(-) (lanes 1 and 6), CTLV-CP1(+) and ASCT-3'(-)
(lanes 2 and 7), CTLV-CP2(+) and ASCT-3'(-) (lanes 3 and
87), CTLV-CP3(+) and ASCT-3'(-) (lanes 4 and 9) and CTLV-CP4
(+) and ASCT-3'(-) (lanes 5 and 10)

M 1 2 3 45 6 7 8 9 10M

Fig. 4. Agarose gel electrophoresis of DNAs amplified by RT-
PCR from leaf samples of a citrus tree infected with ASGV
(BD-44) using two different primer pairs, [CTLV-ON(+) and
ASCT-3'(-)] (lanes 1 to 5) and [CTLV-CP2(+) and ASCT-3'(-)]
(lanes 6 to 10). Lane M, DNA 100 bp ladder marker, lanes 1
and 6, lanes 2 and 7, lanes 3 and 8, lanes 4 and 9 and
lanes 5 and 10; cDNA diluted to 107, 107 107 10* and 10%,
respectivily. Arrows indicate ASGV specific DNA bands.
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5971 6040
P-209> : tctggcgaaa aaacaaaaat ttggaggatc gatttgtcaa atgttgttcc tgaattgaaa acctttgetg
Li-23 : tctggcgaaa aaacaaaaat ttggaghlatc galjttgtcaa atgttgtflcc tgaattgaaa acctttgctg
BD-44
T0-1
6041 forward primer (CTLV-CP2 (+)) 6110
P-209 : ccacttccag gcagaactct tigaacgaat gtacgttcag aaagctttge gagccatttg ccgatttggc
Li-23 : ccacttcﬂég gcagaactct ttgaa!gaat gtacglttcag aaagctttigy gagccattldg cugatttgge
BD-44 ag gcagaactct ttgaacgaat gtacgttcag aaagctttgy gagccattle cigatttgge
T0- 1 ag gcagaactct ttgaacgaat gtacgttcag aaagctttgld gageccatttg ctgatﬂt gc
6111 6180
P-209 : tcgagaattt ctacatgaaa ggtggtctaa gggattggcec accaatattt acaagaaatg geccaaaget
Li-23 : Mcgjizafyttt cticatgaaa ggtggtcklaa Elggattggcec acﬂa ttt aiaagaaatg gcccaaaget
BD-44 : [cgizalattt ctidcatgaaa ggtggtcliaa Elggattllgcc accaajgattt acaagaaatg gcccaaaget
TO- 1 tcglgaattt ctacatgaaa ggtggtcsaa gﬂttggcc acﬂaa ttt acaagaaatg gcccaaagcet
6181 6250
P-209 : ttcgaaaaaa gtccatgggt ggcctttgat tttgccactg gtctgaaaat gaatcgtcta acacctgatg
Li-23 : ttjegaaaaaa gegt ggckltttgat tttgccacﬂg gtctklaaaat gaatcgtidta acacctgatg
BD-44 : ttjdgaaaaaa gegt gechltttgat tttgcecactg gtctklaaaat gaatcgtidta acacctgatg
T0- 1 : ttizafjaaaa gtocitgest gecBtttgat ttfeccacle gtctfaaaat gaatcgttl] acacctgatg
6251 6320
P-209 : agaaacaggt gattgataga atgaccaaaa gactttttcg tactgaagga caaaaagggg ttttcgaggc
Li-23 : agaaacaggt gat[dgalagh| atgaccaaaa giictttttcg tactgaagga caaaaagggg ttttcgagge
BD-44 : aklaaacaggt gat[dgalapgly atgaccaaaa glyctttttcg tactgaagga caaaaagggg ttttcgagge
T0- 1 agaagcaggt gatlwgaMagly atgaccaaaa gactttttcg tactgaagga caaaa@gggg ttttcgagge
6321 6390
P-209 : aggttcggaa agtaacctgg aactggaggg ttaggagtcg tgtgaaattc cgcaaacttg gtcgeggtet
Li-23 : aggttcggaf agtaaﬂctgg aactggaggg ttaggagtcg tgtgaaattc cgcaaaﬁttg gtcgeggtet
BD-44 : aggttcggaly agtaacctgg aactggaggg ttaggagtcg tgtBlaaattc cgcealyacttg gtegegetet
T0- 1 : aggttcggaly agtaaﬂctgg aactggaggg ttaggagtcg tgtgaaattc cgcea !ttg gtegeggtet
6391 6460
P-209 : tgcaggttga catgcctgee tttatactta attaaagggt tcccccggtt ttctgagecat ttccgggtta
Li-23 : tgcaggttga catgcctgec tttatactta aBltaaagget tcElcccggtt ttctgiigcat ttccgggtta
BD-44 : tgcaggttga catgcctgec tttatactta agjtaaagggt tcklcccggtt ttctgpWegcat ttccgggtta
TO- 1 tgcaggttga catgcctgec tttatactta agjtaaagggt tcEcccggtt ttctgigeat ttccgggttﬂ
6461 6490
P-209 : gtgtggtttt tctagagtct agagtttgtc cactct| reverse primer (ASCT-3" (-))
Li-23 : gtgtggtttt tctagagtct agagtttgtc cactct
BD-44 : gtgtggtttt tctagagtct agagtttgtc cactct
T0- 1 : gfletgetttt tctagagtct agagtttgte cactct

Fig.5 Comparnison of nucleotide sequences of the genomes of ASGV(isolates P-209, Li-23,BD-44,TO-1).
a) Number means nucleotide position. b) The nucleotide sequences were drawn from papers
by Yoshikawa et al. "*'” for P-209 and Li-23.
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Fig. 6. Agarose gel electrophoresis of DNAs amplified by IC-
RT-PCR from different parts of a citrus tree infected with
ASGV(BD-44). Lane M, DNA 100 bp ladder marker, lanes 1 to 2,
DNA products from ASGV-infected new leaf and bark samples,
lane 3 and 4, DNA product from ASGV-infected 2-year-old
leaf and bark samples, Lane 5 and 6, products from ASGV-
infected and healthy new shoots. The arrow indicates the
ASGV specific DNA band.
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