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A Comparison of Protocols to Detect Candidatus Liberibacter solanacearum from Carrot Seeds, Research on the
Effectiveness of Propidium Monoazide Treatment and Evaluation of Seed Transmission in Carrot Seeds. Moritsugu
Oishi, Satoshi Hoshino, Yuji Fujiwara, Shuichi Ushiku? ,Yoshinori Kobayashi and Ichiro Namba? (Research
Division, Yokohama Plant Protection Station 1-16-10, Shin-yamashita, Naka-ku, Yokohama, 231-0801 Japan.
yokohama_byokin@pps.maff.go.jp "Yokohama Plant Protection Station, ®Osaka Sub-station, Kobe Plant Protection
Station) Res. Bull. PI. Prot. Japan. 53:111-117 (2017).

Abstract: In this study, a protocol was developed to detect Candidatus Liberibacter solanacearum (Lso) from carrot
seeds with minor modification to the protocols of Bertolini et al. (2015) and the Australian Government, Department
of Agriculture (2017), for the purpose of optimizing them for facilities and reagents of national plant protection
stations, of the Ministry of Agriculture, Forestry and Fisheries (MAFF), Japan. Blind tests of this modified protocol
were carried out in four laboratories of plant protection stations. Lso was detected appropriately from test samples in
each laboratory.

In the comparison between this modified protocol and the protocol proposed by the International Seed Federation
(ISF), the detection limit of each protocol was estimated by diluting the positive seed lot suspension with the negative
seed lot suspension. Three different positive seed lots were used. In this study, the limit of the ISF protocol was 1/285
(positive seeds/negative seeds), while the limit of the modified protocol was 1/2,875.

It was found that Lso was detected even from dead cells (heat treated Lso positive seeds) with PMA treatment or
modified PMA treatment.

1,438 seedlings grown from five Lso positive seed lots were checked by real-time PCR. Seed transmission of Lso was
not observed in this study.

Key Words: Candidatus Liberibacter solanacearum, PCR, PMA, Seed Transmission

Eo

il

Candidatus Liberibacter solanacearum (Lso) %, 20084, ¥ %
A A E (Solanum tuberosum) @ zebra chip FEIRDIFHEMITE & L
TH R & L7z (Liefting ef al., 2008; Hansen et al., 2008), Lso
X, Vx4 E'DIEDN b= b (Solanum lycopersicum), » ™7 7
J 3 (Capsicum annuum) 7% & O F AFHEW~NEG L, EEFH
EOmERNEOKRTZFISEIFI L, PV FYT IR
Bactericera cockerelli |2 X - TIN5 Z L MESI N
(Liefting et al., 2009; Munyaneza et al., 2012a)

2010 EPRE, 74 VTV R, Az —F v, Iy x5

DI —a v NEBEEICBWT, =Y (Daucus carota) 75 A
AR TR S 7z (Munyaneza ef al., 2010a; Munyaneza
et al., 2012b; Munyaneza et al., 2012¢c). =¥ ¥ b E
TARMEIEF AR S Sh b0 L THEETFREFRL Y
(Nelson et al., 2011). Bactericera trigonica % UF Trioza apicalis
WZXoTHASh, =0T VIZBVWT, 5, ok, %o
b ZROEREHE, “KRORFEHHEORERE G S5
(Alfaro-Fernandez et al, 2012; Munyaneza, 2010b) . ¥ 7z, #E4>
RTH B T apicalis |2 X BHEL HbE S EKELRINEOKT
%3 7259 (Munyaneza et al., 2014) .

Bertolini & (2015) &, Lso =¥ ¥ Y IZBWV THFHEGT

YRR B T
? R Bl KBRS
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A wF 8 & 55537

BT LEME LI 20720, Lo HR= v Y VT L 24K
MWOBA, TALEER 720, =0 Y VOB AL
CEAZTFBWF O E 2 33 5 LA Uz,

AREHRTIL, Bertolini & (2015) 3 X UVSEHI A4 By 7 4% B4
(Australian Government Department of Agriculture, 2017) @ =
YISO Lso T B Fa—v (BEFE T ba—)
2RI TR L T o MRl I H b T L
727 b a— ViR L, W ARYRE~NOEBEAZ B E L
T EBOBIEBY CHERRBREIT 572, F/22F 70 ba—
VROHETE baI—Vax&o, SUOHEEOY 7% v T
1L 450 K T H % D I xF L. International Seed Federation
(ISF) &, ¥ 74 ¥ 7% 10,000 kL& L7278 b I — L& §t
ZLTw2 (ISE 2016) SO XIS, =V Yy HTH60
Lso IV, BIELRS 79 ¥ 7 VEIIHGEE S L Twv v
ZEhh, ARBETIE, ISF 7 ba— % Ta ba—)
OMMIEER LR L, @IERY 79y TV EHE L7, &5
WVISFAER LTS Lo ERHOAERBT 27200
Propidium monoazide (PMA) JLELD A RPEIZ DV THERT L 72,

o WETU ba -V THMEE Ao M50y FAGAE
B L72FEAEMITOWT, Lso ORMTIaglt % HiA L7z,

MRROTE

1. ®E7OFI— L OEDRR

Y2 L7278 b a—izonT, WYBHETRNO 4 7 i O
KTy T b I = VOB 1T o 72 WMEBRFERTTIZIE. B
AL ® PCRIZE Y Lso HHDA % fEsE L 7= B PEalkL, (&
PERELS 10, AP 2 Mg, MBoNEEZRLTRAL, 7
b2 — Ve TREMEHIHL,. YU 7V 5 4 A PCR %47\, 40#T
FERES, RBUCHW 7O ha—VIZUTo®mY & L,
(1) BFO#k%E

50ml F = — 7 12 Ml F- 450 K7 J¢ OF 50ml Bk & HH % 1 R
(0.5%Triton X-100) % A1, 30 44k L. HHHICHEHE
T,
(2) BFDER

T OBERIZN Y 7 3 F % —MiniMixR100 (R) VPCC®
AL 28 A L B R R
(NaH,PO,"2H,0, 0.4g/l; Na,HPO,-12H,0, 2.7g/l; NaCl, 8g/l;
Sodium diethyl dithiocarbamete, 2g/1; Polyvinylpyrrolidone
(PVP) -10, 20g/l; pH7.2) 10ml % /N v 7 I F F — J 4%
(BAGPAGE100) |2 A7, speedd T2 7MW L 720 1250
ENTHE- 7-8A1E, S 51T speedd T 1 75 FEEEBMITHERE L
720 BBIEZNDHNOBERTFIZOWTIRUTOLEMLE Lz, <
VFE—Rvavh— (ZHEM) ICXBHROBEIL
T AV — 2 ROBEHHEE R 10ml % 50ml HERF 2 —
U AN, 1,500rpm T 2 53 MBS 50 AR L Eh T
VAR E 512 1,500rpm T 1 5 MBHRT 5, Y24 77 A
¥ — (BMS) 2 X 2 EHROSAIE, FT. 156mm D ¥ — X 2
A K OF I e JH % #8537 10ml % 50ml B e F 2 — 712 A,
1,100rpm T 4 5 HERT 5, HF2ERHL ENTHRVWEA

(InterScience)

S 512 1,100rpm T 2~4 57 BB 5o N < —I2 X 2 BRO
Yt FT L EVSRAE 10ml 28Ny 7 I 3-8 F 00l
B OEFONENAN, ¥ —F —TLEfEHH L%, 2
TOMTDD5N5 E THBIRT 5,
(3) xERHH

JEREE 300u] % 2ml < 4 7 0 F 2 — 7128 L. CTAB i
(cetyltrimethylammonium bromide, 20g/l; NaCl, 50g/l; 1M Tris-
HCI (pHS.0), 100ml/l; 0.5M EDTA (pHS8.0), 40ml/I; 0.2%
2-mercaptethanol) 1.5ml % Ml = 72 RNaseA (10mg/ml) %
20pl AN A HEFEER. 65°C T30 rMEHE L7z Z M, Hlnliz
BIR AT L 725 proteinase K (20mg/ml) % 20ul Al 2. HEFEH.
65C T 30 il L 720 LB (12,600rpm. 10 0fH, i)
. L 800u) ZHLwv2ml A4 7 0F 2 —TIZB L.
1.2ml @ Chloroform/Isoamyl alcohol (CIA) %l 2 X < #ii ¥
L. w0k (13,000rpm. 540, =|il) #17-72. L%
HlLv2mlvAf70F2—7LCBL, FEOA Y Tusv) —
VN2 ER R A%, 0 s ik (13,000rpm. 555 =R
EATo7zo ¥y PTRIEZRDERE, 5000 © 70% L7 ) —
VCHEEE 2 Y ALz, ¥y T vw X 91
0% Ty —VERYERE, oI NKL =5 —Tilikd%s
{7 % & TR S 72, TREEIC 50ul OB K% N 2 H %,
PCR O#H (G & L7
(4) Y7IE1LPCR

Lso it 794 ~— /"7ua—7+% vy I, LsoF (5
-GTCGAGCGCTTATTTTTAATAGGA-3'), HLBr (5
-GCGTTATCCCGTAGAAAAAGGTAG-3). HLBp (5 FAM-
AGACGGGTGAGTAACGCG-3 BHQ1) (Li et al., 2009) 7%,
RN > s e — VRN T 94 < — /T a—7 % v M2
. COX-F (5-CGTCGCATTCCAGATTATCCA-3), COX-
R (5-CAACTACGGATATATAAGAGCCAAAACTG-3').
COX-p (5 FAM-TGCTTACGCTGGATGGAATGCCCT-3’
BHQ1) (Weller et al., 2000) % ffiF L 7zo PCR FUt i O LA
1¥. 1xTagMan® Gene Expression Master Mix (Applied
Biosystems), 500nM Forward primer 3 & U Reverse primer,
250nM TaqMan probe. # % DNA2.5ul (b — %)V 25u) & L
726 U 7 )V ¥ A A PCR # i 1X. StepOne Plus (Applied
Biosystems) %M L. BUSGME, 50C240, 95C1047 D,
95C15#. 60C1 4% % 40 % 1 7 v & L 7z, Threshhold fii 13,
Wiy 7 by 2 7 OHBE L L7z

2. ZE7OMI—JLE ISF 70O b I—IJLORHEREE 8

MBI Lo FRFEORL LT3 0y P&V, BB,
Ty hOHEERIE, K0y b O 20 K& 5 R,
7 V% 4 A PCR %47\, Ct (cycle thleshhold) DS 5
ToMETARGYAET-E L, Bl L7z, BBHMBELROY 7V s A
A PCR & KT 2 ELMIET. 1B L, (D V)
TV % A A PCREOHINEE D ILER, (2) BEAH 3o ik,
(3) WIELY TH T VEOMEEIT -7z e, VT NVEA
L PCR #EROHE I &, HMARITOVWT2 5K (v =)
TPV, 2REE D R LN h o ad - ().
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2L S CLE SN HEE+ (B, oo = v
A CtERfE SN HEE. + - 2 HE L7,
7 ISFZ7ORa—JL

Lso 2%l &hza v b o= ¥ U fiT- 10,000 %12 ISF O
70 kI = VAR SR 100ml 2R, TR I v —
PLUS (KB I A )Vv) CTHEBFELZ (AR, BT EERIC
VL (B, Bl o Bl % VR O VR T 1/10,
1/100. 1/450. 1/1,000. 1/2,000. 1/10,000 (2B L 72 % 2 <
D, ZNENHS 2ml L. ISF » 71 k2 —)b Versionl.1
(ISF, 2016) 2Rl L72e $74b b, $RILL 725408 % 500xg
T L. #5172 135 Iml % DNeasy Plant Mini Kit (QIAGEN)
THMMH L7z, Y7 V% 4 LA PCRIZ, ISF7O Fa—LD
% (e TagMan® Universal Master Mix 11, no UNG.
Threshhold fiti : 0.045), ®Z 70 b I — VO (KIS :
TagMan® Gene Expression Master Mix. Threshhold fiti : 0.27)
DW T - 72,
4 %E7OMI-0

JEVI A T b O — VO BRSO SRR
L7z $7bbB 7 CTIEK L 72 A 25ml 12 B Fik i i 30.5ml
2N Z BRI & L 7ze [EARIS, BBV i B i
AR L7z Z O R PERE T B W & B VERE T B8 133 © 110,
1/100, 1/450. 1/1,000. 1/2,000. 1/10,000 (=R L 7z % 2 <
D, ZRZENHSS 03mI R L, WE T T b a3 — Vel
L7z Y7 V& A LAPCRIZISF 70 b I— VD&M, KZET
O 2= VOEMEOW ST 572,

B, BIERY T I, B TR & 7 o 7oA RS
W2 BYAET-E LCHALza Yy oM E 2Ty
ML HEE L 72,

3. PMA LEBOHEOKRET

PMARIIZE Y, =Y VFEFO Lso AWOABRIBTEN
I3 I L 5 PCR Mt 2 HERR 35 2 & A3T &, M
M OMAEZITH) 2 EHTE S, Bertolini » (2015) X, Lso
Btk = > ¥ v H T ERE A~ O PMA WLHL X & LB X G, Ct
EWCEEZED D). PMA IR RS H 5 2 & 2 WML Tw
%o

—J7 T\ Lso bpth= > ¥ Y FlT- OBIINC & B 582 M5
PRZEE > TRV Lso 3, IV E OMENH L Z &
A5 (Munyaneza ef al., 2012d). Lso tE= v ¥ Vi T2 44
DOBUHZITV, PMARLEZITo 72 b O L AP DOH D L T
Ctfli% i L. PMA W OF % B L 72,

(1) #HsnE

BULER L, 2016 ER I CTEMBUF A= ¥ 2 VT O AR
JEREE & LT 50C20 AL A ZR L Twb 2 & (World
Trade Organization, 2014) % #JE L. 50C T, i FOR3FITH
BN E SN DBHBEAETO 72 B B X O — 91
FEAEAI A A& B S & S B0 BB (95T 10 437) T, BRI
1Fo72

BULPLIX %, Lso Bilk= > ¥ VT 2.7¢ (3 2,000 ki) % B
WetR M i 20ml THERM: L. Bz e — P71y 7 T9TC10

SIEILEL L 721X, 50°C72 BRI TRz BBt 2 ARREERGE L
7oA 2.7g % BETEHE 20m] THERE L 721X, 50C72 B R T
WEEVILER TR, 1R BAREERGH U 22 B AR T 2.7g & BETE 20ml
THEREL 72X O 3WAX 231 72, ZhUS, B TB X OB
PEREF % BRI L 72 X &2 N 2 72 5 ALBLX T PMA ALELO%)
RAERB L7z, b, HFUAXE HEERTIZETH -2y b
DbDOERMHL 72,

(2) PMA 18 KRB S

PMA OWLE )L ISEF @ 710 + 2 — )V Versionl & 5% 12
To720 B, O PMA OWRIEFIIL, BAEDISF 71 k
I —)V Versionl.1 TIXHEWMEI N TRV,

FALPLX O BEREH 2m] & 500xg Tl L. PMA LFLX TIZ
5N 72 B 1ml 12 2,500 @ 20mM  PMA (Biotium) 2l Z .
WREMT TR 2 — 7 2 BIRA L 2255 5 0 ML L
720 ZD#, F 21— 7% LEDCrosslinker EM100 (Takara) T
10 MOEM s L, o DNA i+ v b (DNeasy Plant
Mini Kit : QIAGEN #1:) % >, ISF 71 2 — ) Versionl.1
2Pt TR 247 5 720 PMA IALFIX T3, #5h7/- bk
H 1ml 122 WT, PMA WLHL % 12 R BB 2 47 - 720
7 B BV ORI 2 IAE T - 720
(3) U741 LPCR

SN ICOWT, ISF 70 I —VIiZiE->TY 7
V%4 APCR (Lso 794 ~V%—/"70—7+%y baZE 7
Pa—n e U, KB ICIE TagMan® Universal Master Mix
11, no UNG : Applied Biosystems % fli[fl) 1T\, FKWMBEXIC
BT 5 PMA ML L MEALBE > Ct fili% [L# L 72, Thleshhold i
ZHER O H B R E e o 7o

4., =T UIlHBT B Lso DEFIZRMHAE

YETT N T — VIZHE - T 450 L% B L Lso 25 S h
7250y =YY UHTE Ny MIIEE, TED LB,
FEEWEITIVDF, VT NVI AL LPCRIZEYVREZIT- 720
ZEAEWOEEDIL, i, Lo 3 2 s 1 Ao
ML IMRGEL, W20MaE2 127 Vv—TLLT, AU
A -SDS i (WIS, 2012) ICHELL CREMBIIIB L. &7
b= VIHESTY 7V F 4 A PCR Z47\, BBt o
Ex2IT-o72,

= R

1. %ZEZO M- I)LOMESDHE

4 T D FRBRIEHEIT N B\ TEEF 8 SR 5047 S TEAfE 12 S it
Eh/z (Table o 2O L5, HMBEN CHRAMMN T 5
Fli 7R, PCR I3 Z Wiz ZE 7 ba— vt =
T UHEFH D D Lso OMMAHRETH 2 Z & D3RR S iz,

2. ISF7OMI—EXRZETO M A—ILDOIEEBRE R

(1) HRERE
ISFBXUOKETT b a—VIihto THI L2238 2 v
TV ISF AT ba— VD) 7)IV¥ {4 L PCR Ex LB L
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Table1 Results of blind tests
LsoF/HLBr/HLBp COX-F/COX-R/COX-p .
Laboratory No. Sample - - Interpretation
Ct value Threshold line Ct value Threshold line
) AP Undetermined 0.267 19.4 0.335 -
B” 27.0” 0.267 189 0.335 +
9 A Undetermined 0.290 20.8 0.312 -
B 27.0 0.290 18.9 0.312 +
3 A Undetermined 0.269 19.9 0.493 -
B 26.9 0.269 19.0 0.493 +
1 A Undetermined 0.306 20.0 0.428 -
B 26.9 0.306 19.7 0.428 +

Y Lso Negative seed lot
% Lso Positive seed lot
% Mean Ct Value of 2 replicates

Table 2  Results of comparison test of ISF protocol and modified protocol in a sub-sample of 10,000 seeds

Seed lot of positive

Extracts by ISF protocol

Extracts by modified protocol

seeds Dilution ratio PCR according to PCR according to PCR according to PCR according to
ISF protocol modified protocol ISF protocol modified protocol
Positive seeds + = + o N
1/10” 9 T .
1/100 + + 4
R 1/450 + -9 o +— 4
Lot 1 (85%)”
1/1000 + - + - . .
1/2000 + - - i .
1/10000 + - + - o
Negative seeds -9 - _ _
Positive seeds 1 + * +
1/10 + e + o
1/100 + + T +
1/450 - _ i n
Lot 2 (30%)
1/1000 + - 4 "
1/2000 + - - + 4
1/10000 - - - +—
Negative seeds - - - _
Positive seeds +
1/10 +
1/100 + + -
1/450 - - £ = +—
Lot 3 (35%)
1/1000 - - - +—
1/2000 - - - _
1/10000 - - - —

Negative seeds

NTC (water)

Yo% of Lso detected seeds in 20 seeds, 20 seeds were tested individually by real-time PCR.

) dilution ratio of positive seeds suspension/ negative seeds suspension.

¥ detected in 2 replicates.

" detected only one well in 2 PCR replicates.

% not detected in 2 replicates.

% detected in 2 wells, after diluting the extracts 5 times with distilled water.
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7eZAh, By M1 (5HEHE %) ORFTIE ISF @ PCR i
1 1/2,000~1/10,000 F THiH T2 Z L HTE, ®ETH Fa—
V@ PCR #:13 110,000 F THRIMTE /2, vy b2 (5%
30%) DFETIL ISF @ PCR 13 1/2,000 £ TR T 562 &
MTE, %E 7T b a2—)Lo PCR #EiE 1/100~1/10,000 T TH
WT&7, oy b3 (5§ 35%) DOFFTIE ISF O PCR %
13 1/100~1/450 F THRIET A2 EHTE, E T b a—
@ PCR #:1% 1/100~1/1,000 F T T & 72, (Table 2)

(2) BRI

ISFLUE7a ha—Vvo) 7V 4 A PCREZE ., ISF
OB 7o ba— e T e b a— oKkt 7 a b
I—NVERKELZZEZA, By b1 (53EF %) OB T
ISF DA% P:1Z 110,000 T THRT 2 2 & 03TE, &L
o b3 — )V A% ERH L 1/2,000~1/10,000 F TR T & 72,
Oy b2 (54 30%) ORE T ISF OFEM T 1/100
~1/2,000 F THMT 2 LHRTE, WETT - VOKE
& 1/2,000~1/10,000 F THIBCE 7z, By b3 (K
35%) OFETIL ISF OB 1100 F THIET 22 &
ATE, WET U b3 — VoK% 1/450~1/1,000 F T
M © &7z, (Table 2)

@) WmFArI—IOHBTHTILE

MEAROEEL o720y b 3122V T, ISF 7a ha—)b
13 1/100 FTHRITE 22 05, M OB 35% & 48
3% & 035100, b B 285 K ICTE YA T- 1 KA A L7z
T TNVFETHINTE L 2 eI, IS, W& T
b2 —) Vi 171000 T TEX 722 &5 5. 2,850 ki ihge
P25 TRRA LY Y 7V ETHMIBTE 3 LSz, &
D ENS, R LR ARA L2~ 7 e

Table 3  Effect of PMA on dead cells (heat treated cells)

5. Lso #2MH$57-:00% 7% Y 7 VEIZISF 70 Fa—)u
T 250 f LT, &7 b a2 — LTl 2,500 KL FICT 5 2
RN TH D EHEEINT,

3. PMA LIBDOE I DIREE

R PEAE T- O B & 95C 10 43 CEVLIR L 72X, Pkl T- %
50C72 WE [ CRZZLEE L 2 A#E L7z X, BEfiT-% 50C
72 WER CRZBVILEE L 1ERRGE L 72X, WIoRIXIZH
WTH PMAWME A Lo/ D8 PMA ZB L2 0k
D CtDOAT 1R L %2 ). PMA W CHHE OB % # 2
5223 TERhol (Tabled)s Tz TORMBRITINZ T,
95C5 e — h7u v 7 THMH L 7z PR T BRI D W
. Bertolini 5 (2015) ® PMA MLt %2 52 2 L, BEK
1 PMA % 50uM 7 5 100uM (2, T SBALEE 41 % =il
54 A 5 30T 10 4 W, GRS % 10 432 & 15 47120
HTPMAILZ T, PMA#ELIIO b 0 L Cfiix iR L 7=
ZOHRERD PMA WX A Ct fl 34.5. HELILX A Ct fH 34.1
L. PMA ORRIFHERTE b o7z,

4. =T UICHT B Lso DEFIZRMHAE
BHZ1EDEFBL-ET Y FOFEAT (FF 1,438 1)
DEFEISHEIMIMM L, VTV ¥4 APCRICEVMEEIT-
7275, Lso 3 E M h o7z, (Table 4)

z =
YWEZTT b a—VOEMED 47 T OFE T CHEEE Sz 2

LS, VIV UL D Lso DMBIZBWT, A7 0 b
I—VITHERITH Y, BEBGA~OBEANIRTHLLEEZDS

Sample Ct (without PMA) Ct (with PMA)
Negative seeds Undetermined Undetermined
Positive seeds (without heat treatment) 34.1% 35.1
Positive seeds (heat treatment of 2ml extract: 95C 10 min) 34.0 33.2
Positive seeds (dry heat treatment of seeds: 50°C 72 h, 2 months") 34.3 35.1
Positive seeds (dry heat treatment of seeds: 50C 72 h, 1 week) 33.9 34.2
NTC (water) Undetermined Undetermined

Y time after treatment
2)

Table 4 Evaluation of seed transmission of Lso in carrot seeds

mean Ct value of 4 PCR replicates (Extraction was performed twice. PCR was performed for 2 replicates per one extract.)

Seeds lot Ct of 450 seeds extracts

Sowing date

Sampling date No. of Lso positive seedlings /

(Threshhold line) Total no. of seedlings
Lot A 27.9" (0.22) 2015/2/3 2016/5/27 0/191
LotB 28.9(0.22) 2015/2/3 2016/6/1 0/418
Lot C 28.0 (0.27) 2015/2/3 2016/6/6 0/335
Lot D 27.8(0.27) 2015/2/3 2016/6/8 0/318
LotE 31.7 (0.34) 2015/2/3 2016/6/2 0/176

Y mean Ct value of 2 PCR replicates
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niz, 27)

Flon SV UVHT LD Lso DBIIZBWT, ISF & 47;
TURL7ZYT7TNVE A LAPCRIBICIEHMERZED W &,
ISF L& 7 a F a— voidmtiEcidgEZ7a ba—ro
WMEOHPET LW e, BXOISFO 7T b a—)L Tl
T T IVE 250 KA AS, ST H b I — LTl 2,500 Fif
MY RYTHDZ LIRS N,

—7 . PMA IO % 3B7 L 7275, Lso {FAH T 128
WT, PMAMLBLIZ X W AEREOAZKRBT 22 & 3W#ETH 2
LEzbhiz,

Bertolini & (2015) 1% Lso 2°= ¥ ¥ & T 4.8% ~10.1% & T
BRLZEHELTD, LL, TOBOMOTES V—7
W& 2R CIEA T ade M id i 2 L9 (Loiseau e al.,
2015). FIFRGPEICDOW TR, EREREmIEZ S Tuin,
L OFRBRTH ., MAZHM MR I e o7z, SHoVY
YHIFIZBIT S Lso ORIV TIE, A OED
HEBRI A BT 5 LD D,

g

i

ARREEZVER T HI2H20, WET T b a— IV ORERRERC
Nl iy D ARV AV RV A& E N = ol L DI U =

51 A3k
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