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The Study on Detection of Plum pox virus from Symptomatic or Asymptomatic Leaves and on the Detectable
Time from Japanese Apricot Tree. Yuji Fujiwara, Touko Itto', Satoshi Hoshino® and Norihiko Saito (Research
Division, Yokohama Plant Protection Station, 1-16-10 Shin-yamashita, Naka-ku, Yokohama 231-0801, Japan; 'Yoko-
hama Plant Protection Station, Tokyo Sub-station: *Yokohama Plant Protection Station, Sapporo Sub-station). Res.
Bull. Pl. Prot. Japan 48: 59-64 (2012).

Abstract: Plum pox virus (PPV) is the most devastating virus associated with stone fruit trees, and its occurrence
in the Japanese apricot (Prunus mume) was confirmed in Ome, Tokyo, Japan in 2009. Delimiting surveys were
then begun, but the ability to detect PPV from symptomatic or asymptomatic leaves and the detectable seasons
for the Japanese apricot tree were unknown. Leaf or twig samples were collected monthly from secondary scaffold
branches of 3 Japanese apricot trees (10 samples each) infected with PPV from June to December 2009 and from
June to November 2010. The samples were tested using DAS-ELISA, immunochromatography, RT-PCR, and RT-
LAMP methods. PPV was detected in symptomatic leaves but not detected in asymptomatic leaves from the same
tree. PPV was also detected in twig samples where symptomatic leaves had been confirmed. All methods could
detect PPV every month, but DAS-ELISA and immunochromatography could not detect PPV in some samples af-
ter July and August, respectively. The RT-PCR and RT-LAMP methods could detect PPV consistently. It can be
considered that detection surveys should be conducted by July. A symptomatic leaf was divided into a grid of 1 cm
square cells, and each grid cell was tested using the immunochromatography and RT-LAMP methods. The results
show that the distribution of PPV in a leaf was restricted to the parts that showed symptoms and petiole. These

methods can be considered necessary for use when leaves are tested.
Key words: Plum pox virus, Japanese apricot, detectable time
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Fig. 1. A leaf, parts of which show symptoms. Fig. 2. The leaf was divided into a grid of 1 cm square

cells.

Table 1. Primers used in the RT-LAMP method.
Name Sequence
PPV3-F3 5-GGAATTCAGCGCAACCTGA-3’
PPV3-B3 5 -GCGGTGTGTCTCTCTGTG-3'
PPV3-FIP | 5-GAGCTTCACGTGCCCGTACGCAGACTACAGCCTCGCCAGA-3’
PPV3BIP | 5-TCCAGATGAAGGCAGCAGCATCCTCTTCTTGTGTTCCGACG-3’

2. B\EH&E

PRI L 72322 oWTE, ISR O YA 1355 & O RT3
. MEREEOLAEREGOLEOH S x . 7o, K
DWW R L ORIRSF 2 3R & L T B m 23R D) |
PPV O % fldr 720

I L 72380 5 O PPV ORNIE, A 42 70~ M,
DAS-ELISA (double antibody sandwich-enzyme linked
immunosorbent assay)#. RT-LAMP (reverse transcrip-
tion loop-mediated isothermal amplification) & O°RT-
PCR (reverse transcription polymerase chain reaction)
It o 72

1RO PPV ORI 52 IE, FEZ i lem
AORFIRIZHE L (Fig 2). 27T DR/ R OZER?H A A
J 7ax MERORT-LAMP & TPPV ORI %2175 72,
(1) 1L/ 2707 MERUDAS-ELISA L
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FNOE O~ = 27 WIZHEWFENR L 720
(2) RT-LAMP%

RT-LAMP#1x, PPVHREN T T 1 ~— (Table 1. ##
EEAEM R, 2009) % Hvs, 3R © OFERIH 2 1T
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HERE (79 X v 7 A%k LA-200) THllE L 72,

(3) RT-PCRi%

B S OERRIE X, 7Y 7 A — SDS#: (Dellaporta
et al,1983) TRD E BN {To720 R TFL 24 (01lmm
JE, 75mm X 130mm) (Z30kE005g % Adr, /NERE O
HEETHRO B S CFEHE%, 06ml DR H Buffer 1 (0.2M
Tris-HCl (pH 80). 1.0M NaCl, 2% 2- A )V 7~ T4 J
=) EANTELER L. 208D 5BV 05m] %
. &52 LH06mloEFH Buffer 2 (0.1M EDTA
(pH 80). 25%Z 7 V) VEiEE+ + 1) 7 4 (SDS). 66% K
JeE= oy Fr (PVP) MW. 40000) # AN THW
7215ml~A 7 0F 2—=7IZAN, TVvI7ay 7HNT
65°C. 1047 FIALELEE, 0.34ml D SMEERE S V) ™7 4 & 2
THL AR L, K230 MiE V720 9,200 X g T1057
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HLENEAN . ORI 3043 B E L 720 9,200 X g T 10451
B, A 70% Ty 7 —)L01lmlTY AL, 9200
X g THA MO, TR TR L, REIZ01mlo
AR KIS L CRT-PCR IS 08 & L7z,

RT-PCR It &, PPVHEN TS 1 ~—TH % 5-GT-
CTCTTGCACAAGAACTATAACC-3' (antisense) & 5'-
GTAGTGGTCTCGGTATCTATCATA-3 (sense) (Had-
idi and Levy, 1994) #JH\>, QIAGEN OneStep RT-PCR
Kit # i B L. 50°C 30min. 94°C 15min. (94°C 1min,
64°C 1min, 72°C 1min) #3094 Z )V, 72°C 10min D5
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Table 2. Monthly PPV detection results for tree A (2009).
Secondary Symp- June July August September October November December

scaffold branch | toms I{P|L|E|TI]|P E|T1|P E|TI|P|L I|P E|T|P|L|E|TI|P|L
A-1 + t t t t t t t t t t

A-2 - t t t t t t t t

A-3 - t t t t t t t t

A4 + t t t t t t t t

A-5 - t t t t t t t t

A-6 - t t t t t t t t

A7 - t t t t t t t t

A-8 - t t t t t t t t t t t t

A9 t t t t t t t t t t t t

A-10 t t t t S t t t

E: ELISA; I immunochromatography; P: RT-PCR; L: RT-LAMP; t: twigs (bark and dormant buds) (Otherwise: leaves); Colored

cells: positive; White cells: negative.

Table 3. Monthly PPV detection results for tree B (2009).

Secondary Symp- June July August

September October November December

scaffold branch | toms |E | T |P|L|E| I |P|L|E|T1|P|L

E|T|P|L|E|T|P|L 1P 1P

B-1 -

B2

B-3

B-4

B-5 -

B-6 +

B7 -

B-8 -

B9 +

B-10 -

|t [t | |||+ | T
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I i I I IR B S IS S S
Il i e I IR B S IS R s
L P B S I R I B I S S

E: ELISA; I immunochromatography; P: RT-PCR; L: RT-LAMP; t:
cells: positive; White cells: negative.
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twigs (bark and dormant buds) (Otherwise: leaves); Colored

PPV &3 #iit &7z (Table 4.) o

(2) 2010 FHFEGE#

ABHZ. S FAITRBZEATAL L. BRICL 72 B ZE
/N & PPV 28K &7z, F72, A20HEFFTlE8
HACERI L 72 B ICB IR BATHERL S 1L, PPV 2SI & 11
720 TRBIENGIE L Do 7258 ) O 4T KA SERIL 72
TR OVNMED S IE PPV I S e A5 72 (Table 5.). B
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N7z05, o> S PPV IIKE S ) o 72 (Table
6)o CHIZ. 10 EBDOTRTTHBIENLFAE L. BRI
L 723 ] OV & PPV B S 7z (Table 7.)
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Table 4. Monthly PPV detection results for tree C (2009).
Secondary Symp- June July August September October November December
scaffold branch | toms | E | T | P | L IV\P|L|E|I|P|L|E|TI|P|L I\P|L|E|I|P|L|E|TI|P|L
C1 + t t t t t t t t
C2 + nt nt nt nt nt nt nt nt|t |ttt |t|t]t]|t¢t
C-3 + t t t t t t t t
C4 + nt nt nt nt nt nt nt nt|t|t|t]t|t]|t|t]t
C5 + t t t t t t t t
C-6 + nt nt nt nt nt nt nt nt|t |ttt |t]|t]t]|t
C7 + t t t t t t t t
C-8 + nt nt nt nt nt nt nt nt|t |ttt |t]|t]t]|t
C9 + t t t t t t t t
C-10 + nt nt nt nt nt nt nt nt|t|t|t|t|s|t]t]|t

E: ELISA; I immunochromatography; P: RT-PCR; L: RT-LAMP; t: twigs (bark
cells: positive; White cells: negative; nt: not tested.

and dormant buds)

Table 5. Monthly PPV detection results for tree A (2010).

(Otherwise: leaves): Colored

Secondary

Symp-

scaffold branch oms June July August September October November

E I P E I P|L|E I P| L |E I P|L|E I P|L|E I P | L

A-1 + t t t t t t
A2 + tt |t |t
A-3 + t t t t t t t t
A4 + t t t t
A-5 - t t t t
A6 - t t t t
A7 - t t t t
A8 - t t t t t t t t
A9 t t t t t t t t
A-10 t|t |t t

E: ELISA; I immunochromatography; P: RT-PCR; L: RT-LAMP:; t: twigs (bark and dormant buds)

cells: positive; White cells: negative.

Table 6. Monthly PPV detection results for tree B (2010).

(Otherwise: leaves): Colored

Secondary
scaffold branch

Symp-
toms

June

July

August

September

November

E I

P

I

P

I

P|LJ|E

I

P | L

I

P

B-1

B-2

B-3

B4

B-5

B-6

|+ +

B-7

B-8

B9

B-10

L T B S S S P S B IS S

I R R R R

I e e e R i R i I

Al |||l lalala|las]|s |

E: ELISA; I: immunochromatography; P: RT-PCR; L: RT-LAMP; t: twigs (bark and dormant buds) (Otherwise: leaves); Colored
cells: positive; White cells: negative.

2009, 20104 & & 9 _CoH TPPV At S 7225, 8
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Table 7. Monthly PPV detection results for tree C (2010).

Secondary Symp- June July

August

September October November

scaffold branch toms E 1 P|L|E 1 P|L|E

I

pPyLJE|T|P|L|E|]T]|P]|L I|P

+

C1

C-2

C3

C4

C5

C6

C7

C8

C9

P e e e e

C-10

|t ||+ |||t |||+ | T
R e e e i R R e
Ll B S S S S I I I
P (PO [ (IO N O I e

E: ELISA; I immunochromatography; P: RT-PCR; L: RT-LAMP; t: twigs (bark and dormant buds) (Otherwise: leaves); Colored

cells: positive; White cells: negative.

BB IR R AT D Do 7205, 20094E, 20104E & b
FT_THOH TPPVA M &7z (Table 4, 7). LA L.
201048 A %5 10 H O — B DA EE D S 1T H S e,
B2, 20104F9 H X 1050k P 7308 TPPV 2 Mt T & 72
M7 (Table 7)o ABIRUBEIZBNTLTRTOHAT
PPV 2§25 Z &S TE 72, 8 H UK OFmsE &
OV TR S 09, $FI1220104E9 H CldomaaE 11 308
B5% L) H8RABTHIETE 2> 72 (Table 2, 3, 5,
6.)o
(2) RT-PCRiERURT-LAMP %
FTRTOBIZB T, 20094E, 20104E & b W F7E12 &
DFRTOHTRELTPPVEMIET 22 LS TE 28
(Table 4, 7). AR TI38 H LIFED—EE O RBEE K O/
THH &N h - 72 (Table 2, 5). B Tid. 20094F 12
H OO R S 1d—5 i Sz Ao 72 (Table 3.) o

3. 1EFOPPVOREMICET 3HE

A L7 70 NEROFRT-LAMP 312 X 2 M 413,
Fig. 3. Fig. 4 % U'Table 8. D& BYW TH b, {1 &/ 70
O METIRFEHDZED SN 198ER T2 5, RT-
LAMP #:TIZ 153 75 PPV 2SR S 7ze LA L. R
BB ELRDONL 0o 728ER 25 I FETPPV Ik
Bt 2 g, 1BoZEOHTL PPV AR ORI RIE L
TWab I LR SNz ZEW D S IXFIETPPV 2
HmEhiz,

Z
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MeHNTwWb (Ferri Bodin et al., 2002) o S E D7 X DM
HETH, ABRBEO X ) ICEEH TH > T L ED
AL L 7 VIR B A 6 FRIS - SR I R /N & 13
PPV 2 & L$, w7 X 2B W T b Egef N T PPV 23R
HELTWBIEDIRBENTZ. DI END, FERED
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=

Fig. 3. PPV detection results for each grid cell using
immunochromatography.
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Fig. 4. PPV detection results for each grid cell using RT-LAMP.

Table 8. PPV detection results from a leaf divided into a grid of 1 cm square cells.

Grid number 112131456789 [10[11[12|13 |14 |15 16|17 18|19 |20 |21 |22 |23 |24 |25]|26|27 |28
Symptoms [ I I R T A A I R R T T e T e e e e e
Immuno-

T I e T e e e e e O I T T i B (R I I (R (R [ (T
chromatography
RT-LAMP o e I o T O e L e [ e e I S R B S B
Colored cells (+): positive; White cells (-): negative.
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n7ze Ferri Bodin, M., E. Costes, J.-B. Quiot, and F. Dosba (2002) Sys-
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MR DO IARAE L TWDH Z & DPHER S 7z RT-
LAMP#E LD b A 4/ 7 0= METHRE S NZER D
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DRI RETIT o 72 2 22 X 0 L D —EBIC LR
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B LA X B 58RI CRT-LAMP 2 179 41,
BAFEH L 247 LERH L EEZ SN,

E: B

RFAENG 720 L BH OREHREUC T I\ 7272 7238
AR EE S e S IR S TV S B B e v
5 — OB B OBRRICEHEBE L LT 5,
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