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Consideration of Real-time PCR and DNA Extraction Kit to detect Pseudomonas syringae pv. actinidiae biovar 3
from Kiwifruit Pollen. Yuichiro Takai, Hiroshi Uematsu and Takayuki Matsuura (Research Division, Yokohama Plant
Protection Station, 1-16-10, Shin-yamashita, Naka-Ku, Yokohama, 231-0801 Japan). Res. Bull. Pl. Prot. Japan. 58:
15-18 (2022).

Abstract: Establishing a means of detecting Pseudomonas syringae pv. actinidiae biovar 3 (Psa3) from kiwifruit
pollen is important to prevent transmission by contaminated pollen. To develop easy methods for detecting Psa3 from
pollen, a DNA extraction kit and real-time PCR using three primer sets, Psa F1/R2 (Rees-George et al, 2011), Psa_
A1l F2/R1 and Psa_Z5 F2/R2 (Andersen et al., 2018) were investigated. The reaction conditions of three primer sets
were modified from different conditions to those that were identical to test with one machine at the same time. Psa3
were detected correctly in all primer sets, even under modified condition. Next, sample DNA extracted from Psa3-
contaminated pollen by an extraction kit were tested by a real-time PCR used in three primer sets. Psa3 was detected
and its sensitivities were 10° cfu (Psa F1/R2 and Psa_Z5 F2/R2) and 10*cfu (Psa_Al F2/R1).
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F A T = v X9 N L Pseudomonas syringae pv.
actinidiae (Psa) % JFJE W & T 2 MWH T, F 74 7V —2 D
B K9 Gtk SIS ER S AT 2 (B - I,
2019), Psa [ZIZZREMEEATICHD W T 5 DDA (biovar 1, 2,
3,5,6) \ZHEA SN THY ., biovar 3 IEHITHEMEATRV & &S
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Psa3 % & {r Psa &2 C D biovar i35 75 4 ~—+t v b (Psa
F1/R2), Andersen et al. (2018) (% Psa3 % JF 1ML 4 2 75
{4 <—<%v b (Psa_Al F2/R1 and Psa_Z5 F2/R2) # i L T\ 5,
KB ClIMEDfigibz HIE L, BETIE UGS % 7% %
BEOT 74 ~—%E—D5&HTHKIZKILS 2560
REMERR L LC. 794 ¥ — OFFREMA 21T o720 KIZ DNA
fi S b CHRBE LM A H W2 TVS 4 APCRIZE S
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L 7= B ¥k T. Psa O biovar 1 (Psal): 24 #%. biovar 2 (Psa2): 1 4.
biovar 3: 30 #&, biovar 5 (Psa5): 1 £, biovar 6 (Psa6): 1 ik, KO
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Psa DAL O R Is ER T 23 Ak 2 k3 L 72 (Table 1)e v H A E 55 ORI IEFH LA 2RI A Btk L LT YPPSI414
FOMIEREH (V% I A BUZE 300g DR, X7 5z, (Psa3) /2o U TV F A 4 PCR OFEIE LT, Bk %Z A
A7 W —A 15, WEEH V7 ATUKRFI 0.5g, ) Y ERKES KIS L CIROLEE 0.D.610=0.1 [ZFRHE L 7= i i i & 95T

F MU A 12 KHI 2g. K 16g, KK IL) T27T. 24 ~

A IFMIFTE L2 b D& /oo FREMRERIZII & TORE, 1t

Table 1  Bacteria strains tested in this study.

T 10 BB Z 17 IR TR L7z b D2 w7z,

Bacteria strain* origin

YPPS1239, YPPS1241, YPPS1244, YPPS1245,

YPPS1246, YPPS1247, YPPS1250, YPPS1251,
Pseudomonas syringae pv. actinidiae biovar 1 YPPS1262, YPPSI263, YPPS1264, YPPSI373, Japan

YPPS1409, YPPS1410, YPPS1411, YPPS1412,

YPPS1416, YPPS1417, YPPS1421, YPPS1422,

YPPS1423, YPPS1459, YPPS1460, YPPS1461
P, syringae pv. actinidiae biovar 2 ICMP19072 Korea

YPPS1235, YPPS1236, YPPS1237, YPPS1238,

YPPS1240, YPPS1242, YPPS1243, YPPS1248,

YPPS1249, YPPS1252, YPPS1253, YPPS1254,
P. syringae pv. actinidiae biovar 3 YPPS1255, YPPS1256, YPPS1257, YPPS1258, Japan

YPPS1259, YPPS1260, YPPS1261, YPPS1374,

YPPS1375, YPPS1376, YPPS1413, YPPS1414,

YPPS1415, YPPS1418, YPPS1419, YPPS1420

ICMP18744 Italy

ICMP19072 Chile
P. syringae pv. actinidiae biovar 5 YPPS1278 Japan
P. syringae pv. actinidiae biovar 6 YPPS1388 Japan
P, syringae pv. actinidifoliorum ICMP18807 New Zealand
P. cichorii YPPS239 Japan
P. marginalis pv. marginalis YPPS77 Japan
P. savastanoi pv. savastanoi YPPS1566 Japan
P. syringae pv. cerasicola YPPS1547 Japan
P. syringae pv. coriandoricola YPPS1531 Japan
P. syringae pv. lachrymans YPPS81 Japan
P. syringae pv. mori YPPS1699 Japan
P. syringae pv. phaseolicola YPPS529 Japan
P. syringae pv. pisi YPPS471 Japan
P. syringae pv. syringae YPPS943 Japan
P, viridiflava YPPS78 Japan
Acidovorax avenae subsp. avenae YPPS648 Japan
A. avenae subsp. citrulli ATCC29625 USA
Burkholderia caryophylli MAFF302797 Japan
B. gladioli pv. gladili YPPS254 Japan
Clavibacter michiganensis subsp. michiganensis YPPS33 Japan
Curtobacterium flaccumfaciens pv. oortii YPPS30 Japan
Erwinia chrysanthemi YPPS1650 Japan
Pectobacterium cypripedii ATCC29267 USA
Ralstonia solanacearum YPPS1660 Japan
Xanthomonas citri subsp. citri YPPS196 Japan
X. oryzae. pv. oryzae YPPS313 Japan

* ATCC: American Type Culture Collection, YPPS: Yokohama Plant Protection Station, ICMP: International Collection of
Microorganisms from Plants, MAFF: Ministry of Agriculture, Forestry and Fisheries
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2. Y724 L PCR

Table 2 IZFREHR L 7 3 MO T I A v —k v F &2 Y TN F A
2 PCRIZHEEK L 720 PCR O G i 1 1xPowerUp™ SYBR™
Green Master Mix (Applied Biosystems) ., 400nM Forward primer % U8
Reverse primer, $5%! DNA2ul (b —#% )L 10u) & L. KIGE
I& MicroAmp 8-Cap Strip, ') 7 )V % A 2 PCR %3 QuantStudio 3
(Applied Biosystems) % 272, 1 B OMM CHRIC % 56 45
K OBEIRHFE O B FosY) % B {972 7212 Andersen e al. (2018)

DFIBHMEZET L, 50C 245, 95C 250, 95C 15 RV
66C 458% 1A 7 Ve HRE% 40 1 7 WAT572, Ctiili
(Threshold Cycle) % Hll5E3 % 72& @ Threshold 132DV 7 b
U x 7 OEBEEEE L7z REITHTTIE 95T 15 oo
#. 60T 75 95C F T 1.6C /second DR TRER F5H 1,
Tm (Melting temperature) fifl 2 152 L 720 FEEMERERIL 1 1 T2 KX
HHEH L. TEWH 5 oM Cld 2 BT TERM L 72,

Table 2 Primer list tested in this study.

Primer Sequence (5'-3") Product size (bp) | Tm of amplicon (°C)* Reference
PsaF1 TTTTGCTTTGCACACCCGATTTT

280 88.0 ~ 88.2 Rees-George et al. (2010)

PsaR2 CACGCACCCTTCAATCAGGATG
Psa A1 F2 |GCCTCGATGTCGGCGC 132 85.0
Psa A1 R1 |ATTCGATAGAAGAACTTCTTTGCGTTT '

= Andersen et al. (2018)
Psa Z5 F2 ACAACTTCAGGCTACAATACTTACGC 102 80.6
Psa Z5R2 |CTCAGGATGCGTTTCGGTTAC ’

*Andersen et al. (2018)

3. FTATIN—=UTHH 50O DNABERDY ZILEA L
PCR 2 &% Psa3 0i&H

DNA fiHi % b |E MagExtractor Plant genome (BLEERG) % Fwv
720 50ml 2 — 712 Psa3 |G S TR F 7 4 7V — Y iik
1.5g, MEFATEK 13ml K OF YPPS1414 ¥k % JHVTHY 1.0x10%fu/ml
VAR 7oA T R 100 & RN L. SR, 150rpm, 60 43 [
L9 L7z Zifi. 500rpm, 553 Cub iy A 4Ty, LI 8ml
4RO 2ml F 2 — TIT5EL 72 =i, 10000rpm, 10 43T
FLTHER TV, RIEERIE T £5 2— 712 40 DBERIK & TR
L. BTy 7 A TR Lz, SBERY 1.5ml F 2 — 7124
O, BETIZF v MY OB R 300u 2R L. ZRBEOTF
NEIZ > MR 7O s avfiEo 7o, Be oo —5
% Psa3 FEPEAEKY 7> O [FIBEIC DNA 24l U 7= (RetEAEkh
) & VT 10T OB RN AE 47, 1.0x107cfu ~ 1.0x10°cfu
@D Psa3 {GHeA b iliBii 2 1572, Table2 D754 ~—+t v +%H
W, 2 EPATTY 7V 4 A PCR 247\, BT F94~<—+k v
M OMIILIKE A L7z BT v b — I3k & B
AR Bk > b 1 — )i Psa3 OB ST & FHV 72,

BRRUER

PsaFI/R2 D7 T4 ~—+ty hTld, i L7zPsad5>o0
AR A C ORI CIEDSHERR S L. CHEIE 16 FiifR Td - 72,
P, syringae pv. actinidifoliorum (Psaf) % Bz < Psa LIAL O R # T i
TENEIIHERE SN h o 720 Psaf TIXIZH EAY R, CtfE
W36 T o7zb DOWIEDSHERL S 720 %8B, Psaf 1L Psa D
bivar 4 7> 5437, L 72 pathovar (Cunty et al., 2015) T, [ 75
4w —%HWV/zarNY a3 FIVPCRIZCTHIE SN Z & (i
M5, 2017) &SN T 5,

Psa AlF2R1 D75 4 ~—+t v NTIl, Psa3 134 TOH I

THIMRASHERE S, CtEIX 18 i A Td - 72 Psa LISL O Hikk
TIIERIIMERE X N2 D2 o 720 Psa3 % [ { Psa W #kTld, Psal
T 3 B Mk (YPPS 1244, YPPS 1247, YPPS 1417), Psa2 T 1 [ ¥k
(ICMP 19072) O¥IEDFER SN/ oo, LR (. Ct
fEIZZF N2, 34, 35, 38, 39 TH LMD IZED > 72 BlfFE
M0 TlE 2 Btk (YPPS 1244, YPPS 1417) i3k o BaiE sy
® Tm {1 Psa3 @ Tm fii & 3T { (84.5T). > 2 Hikk (YPPS
1247, ICMP 19072) H1ROIEIREY) O Tm (HI35 7% o 72 (80.5T.
771C)s 2D X H 12 Psal 7213 2 O 4 BETHIEDHERR S .
ZON2 BMETIE Psad LRV Tm AR L7235 OO0, HEIEK G
WCHEME R L 2N ORUSEIFFERSCTH 5 & HI L 720

Psa 75 F2/R2 D75 4 < —-+t v b Tld Psa3 O & THIEDHE
HENTz,

PiE. U7 V% A L PCR ORISSM%BERO S0 54T
L7-kE5, PsaFI/R2 D7 F 4 ~—% v biZPsaf 255 < FG L
720D, Psallxf L CHERENE W LRSS Nz, T2,
Psa3 4552172 Psa_ A1 F2/R1 [t UfPsa ZSF2/IR2D T 5 4 v —+t
FMZB W T, Psa Al F2/R1 (& Psa3 DAL o Ao biovar 4 B4k 12
LTI R UG Z R Ly PsaZ5 F2/R2 I3 IR RS AMED
2 Ens, REEOHMPHIC B VT Psa Z5 F2/R2 O /7 A8
Psa Al F2/R1 X D HFBEMATE W EAVRENTz, 7277 L., Psa_
Al F2/R1 OIEFF RIS EM LOMEIT 2w EE 2 5/,

S OMINTIE, TRRTOTITA4~v—t v P THILEN,
Psa3 Z ML T WERERIX Tliet: 72 > 72. PsaF1/R2, Psa
Al F2R1 Je U8 Psa ZSF2IR2 DK 75 4 < —+t v b OHIE
FEIZZN A, £ 1 x 10%cfu, 1 x 10%cfu K81 x 10°cfu 725 72
(Fig 1)o ERTESAER O Psa3 DL 1g & 72 1) 10°cfu £
JE7ZE S SN T\ b (Bverett et al, 2015, Ministry for Primary
Industries New Zealand Government, 2011) . ZNEER CTHiES L 728
MG ORI 1.5 720 1 x 10°cfu, 1 x 10%fu TH -
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ZEdS, £TIAv—ty NOEERZ TS THLEEZD
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Pl AREBRTIZF YA 70— Ve 5 @ Psa3 D511
Mt LT, Wl F Yy NTHE L7ZZDNAZ Y 7V 5 1 A
PCR CTHid 5 FEDMIE R 1T » 7245, B HEICE-> T
Psa3 # MM T & 2 Z L DMEREC & 720 RFHEIZL D, BATO
M OMEDW., 5771 L BRI DS0 5 5 5 % E OB OB
KBS WE R R AT 522 TE D, /20 B
D OERTHERE (BMOKER. 2018) 2BV THARFHITH
MThHHEEZLND,
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A~C: The result of realtime PCR of each the primer set.
A:Psa FI/R2 B: Psa_Al F2/R1 C: Psa_Z5F2/R2

Fig.1 Amplification plot of Realtime PCR to detect Psa3 from
extracted DNA for Psa3-contaminated pollen.
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