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BEREMFESNERE Y REESERBLK
it BF BR B2 1T A B9 55 i

% REE Erm A4k K # T &
(PHR KA PRI 24 B, TR 400716)

HE. AR R F NI % 2 ( Cucumber mosaic virus ,CMV) \ 5432 Y 9% ( Potato virus Y ,PVY ) 4
A5 4 IR Bk A IR B BURAT g 6 % vd , F) R RV AR @4 B 3 (electrical penetration graph, EPG) # K2 & T
JE S EAE RS CMV PVY RA1Z 46 R A ARAF B La IR, AR5 B AR
Bk LA AR R R Y AR RIEKR LW C RSB B EF K TREBK,H 1 RF &
3 R BT 6 R IR R B M A AR EAA 4. 00 K ,3 BB RIB AR L 6g b1 Bk L e 2 45 A R
JAAR £ B2 K AL AR A 120,65 min, M2 F KT 2 BAe 3 AR FBBAR; RIRIE T, &JAE
#k B89 pd sk B IR & TAERIEAR, B opd & T1-1 Fo 113 Lok 0940t M4 B % & T 12 R
o FFRA,CMV PVY $4-12 42 08 4k 7T AR5 £ 3508 3F 69 36 & | B 4k 42 3 I8 3F 53 % & 49
¥,

KB HNLrtRAE; BAEY R W RIS EE R

Feeding behaviour of Myzus persicae ( Sulzer) on healthy and mixed infected
tobaccos with Cucumber mosaic virus and Potato virus Y

He Yinggin Wu Jiaxing Tang Yuanman Gu Jitao Cai Lin Ding Wei”

(College of Plant Protection, Southwest University, Chongqing 400716, China)

Abstract: To explore the effects of tobacco mixed infected by Cucumber mosaic virus (CMV') and Potato
virus ¥ (PVY) on the feeding behavior of green peach aphid Myzus persicae ( Sulzer), the feeding
waveform of M. persicae on healthy and mixed infected tobaccos with different pathological grades were
recorded by using electrical penetration graph technique. The results showed that the count probe times of
M. persicae on healthy tobacco was the least among the different treatments. The total duration of C
waveform of the infected tobacco was significantly longer than that of the healthy tobacco. Number of
probes to the 1st saliva secretion on phloem level three infected tobacco was double that of healthy
individuals. The duration in passive ingestion ( E2 waveform) was 120. 65 min on healthy plants, which
was significantly longer than those of levels two and three infected plants. In the process of probe, the
number of pd waveform of all infected plants was more than those of healthy tobaccos. The mean duration
of pd 112 and pd 1I-3 waveforms were also significantly increased. The results indicated that mixed
infected tobacco could reduce the fitness of M. persicae and promote the aphid for virus transmission.
Key words: Cucumber mosaic virus ( CMV ) ; Potato virus Y (PVY ); Myzus persicae; electrical
penetration graph (EPG) ; feeding behavior
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5 JINAE 955 2 ( Cucumber mosaic virus, CMV ) 5
J& 48 22 A6 M9 HE B Bromoviridae B TR AL M9 2 &
Cucumovirus , 7= 2 FIe 2 JiAif) WAEYI IR EE 2 —
(WL/NTEEE 2013) . SR E Y J5EE ( Potato virus Y,
PVY) & S8 Y SN FE Rl Potyviridae &85 2 Y N5
J& Potyvirus A SR B 53 y | o T | =
PURNGRIEE B0, 2001 ) o K 22 BUH W) 9 B 34 HORSRF
A B HGHEAT A 5  TE R BE AL F b 7 [
SR EEZ BB R T A0 EAE L &R, 4 CMV #l
PVY 3= % oo 40 it Myzus persicae ( Sulzer) 17 1%
& HAE R % 2 NIRA Y,

WF 5T 2 W], — S 34 AT 3 o 42 i m) 422 % O =X
USRS B IR AT (TS0, 2014 ), gy
oo 2 Ak il % 3 ( Tomato yellow leaf curl virus,
TYLCV) B9 4 453 F Bemisia tabaci ( Gennadius) 52 i
BN PRIBCEAT A A8F  I T] S 2 R T R 2 ARy
B, KW TYLCV fEfe My w2 73 6 A B 3 B
B ( F 54 2013) ;Luan et al. (2011) A K M4
R [] 7 i 8% iR 9% B ( Tomato vellow leaf curl China
virus, TYLCCNV ) {2 4 J5 , FE 914 PN 2 311 iR AN n 25 1k
GO/ | N30 T A0 ARy T A 1
e, e Ak, A LR EE ( Potato leaf roll virus , PL-
RV) (=244 1 EL B 2B 0 AT 52 M A0 1) JBCEE AT (Alvarez
et al. ,2007) . HHT, E N AM=# TR A 500
HARLHRE 25 b TSR e BRI EST, TG
T2 Al 2 AL EAERRR A R HaE R

B R BB A e 7 5 LR AT o B UIAH
K, = I e B A SRR AT Sy R R P AR e Ao [
1% (electrical penetration graph, EPG) 7 AR & fff 5%,
EPG J2& H Fi #F 72 900 0 = 11 2% B HOi) W 47 Sy 1) B 2L
TH e a0 5% B AL B S A A R
IS4 FI 2 B ( Tjallingii, 19852001 ), H #i, EPG
FORE ) Z N T35y Ry I g TS
R IR AT A EE . I 2 A5 1 2 R v
BER S B X TR AR BT, B AL
B RBEMRCR S EL L E2 I T RR LR (1% i 18] % 1 Fb
(Liu et al. ,2012) ; MiHERE AR RN 25
HL{. 7% 22 ( potential drop, pd) I # & ( & R 5,
2005) , AR Aphis gossypri Glover 345 CMV s %
pd PR A BARFERCRS pd BB IEAHSC (5K
M5 €55, 2001 ) , BIFFE R, WF Al 3 2R AR TR
PRIER Y pd T1-1 ME 3, 3R 8 & A= 7E pd 11-3 %
(Powell ,2005 ; Moreno et al. ,2012) . HH¥Ef X} CMV
M PVY 185 B AR AR

AGRIE 1 EPG 5 AR FE 1 40 e 7 ik B 8 Ak
5 CMV PVY A 17 YL M kR L 0 g0 B8 BB i T 25
5L IR ARG IR B AT o8 B2, B4
TS HT S AR A B AL 76 A G pd IR Y AR
b, VAR i — 25488 7= M0 0 A% 1 0 47 S AL 2 29 5
IR,

1 HE57 %

1.1 ##

PERAEY) AR S RPN = 87, H am R
SR A PR ml 4t 58 BT 1 CMV PVY 1R
B R EE R VY R R ) DR AP 2 B s BRI Y &
Bt B 87 R FRE T E WAL, R K
J5, %6 cm x8 cm x 10 em ¥R L% B 64
AL BRARE B TR RN FIRIREE N 25°C K
ML EE N 20°C DA 16 L: 8 D FHIXHEIE N (60 +
10) % MRZE R KSR,

P HOUR L 21 (B R A ok [ VE R RS E N
W IR AR R EE ) BT 50 em x50 cm x50 cm Ff
NI MR 87 R 3 B IR, FE A RIRE R
25°C MR A 20°C DGRy 16 L: 8 D AHXS i BE
HF(60 £10) % 2514 F iR,

X2 . DC-EPG Giga-4 HI 44 i o7 K] 3% 3 5
A 2% Wageningen K24 B B S I8 = i
1.2 A&

1.2.1 FRAKGH &

M K E 5.6 MR, 2 B Shrestha et al.
(2014) (R 7 YL X JH 8 R AT HE R, A 2 s A AR W
BF, 4% U R A o G S A T k) (YC/T39—
1996 ) 4B MR EAT 50 9, o3 HbRifE N .0 9. 4
PRICHA 5 1 90 it K B G4 it 53K 173 i
RAEMEARASIE R T 81k ;2 K. 1/3 & 1/2
1) S L0 e A L RS | N Y [ A O /S =
RIEE MR 2/3 VA3 92172 E2/3 IR 4B,
B I B I Dk 58 B, SR AR R AR O TE R bR
12/3 £1/2,

1.2.2 EPG A4m &

K H DC-EPG Giga-4 FIHH 7 3% 12 5642 53 5]
IO TR AR S CMV PVY TR &= L bk 1
BT A, e/ N—B0 JC I BT 5 R 1 53 1)
TR LR A ) R R RRORITAR A A, B
AR —BK 2 ~3 em HAA N 15 um B4 2, K
PR -5 R B ORE 7 A5 10 i e 5 Al L, R
W ) AT e R A R R 2 A i i



34 Ui

L7/ AN S

44 %

ERTYUERARFE 1 h, U5 [ s S fakt B vk 5
AN E RPN AR , AR 5 1 ~ 3 GBI ARk AE
BRI N NLHES] RS R E LD 5% 6 h, HUCA
REEE S Wik g, R TEL 25°C I E R
THEAT 1 SMEEE R 1 RRAE A T 1 GRS E SR

EPG I JE 2 I Ren et al. (2015) 10 5% 19 44 5
9 RSt RIBCE P - Hor np P AR D ; 48
W (ALH5 A B B . C B pd B F i) s M 1
BHOLT2F EA YR B S AR Z ), M EF pd 3 R
pd I.pd IT #l pd 101 33 E53H4 B, Horr pd 11 43
-1 112 A3 W3 E 0 B i T 14 S0 1z 356
AR, 0 E1LE2 BASEDE , E1 30 142
IR AE TG 43 W K S PR R Y (8 A DG I T | B2 A 900 B2
TR BT AT 5 G Ik e R e o AR ST E B
WERIE . K iS00 EPG #% 9 F s A HL
POC#AT /325581t 275 T RS (2000 ) FH A8
45(2008) Jrikx EPG A WHE bR TN AE .
1.3 BUIRSH

i FH Stylet Version 1. 2 #4%}F EPG $idgE17i0

SEFVAT . RIEEE R SPSS 13. 0 2 /F #4748t
SR, R /N 2 25 S (LDS) L R T 25 ¢ 2

K5,

2 R4

2.1 MEEF O 5 205E ) B BB EVR BT A RIERTT 4 LL 3%

R TE G BRI AR L 0 SRR R 2D, A 7. 00
W, 5 3 PUBORMIE 22 57 3 5 3 U R AR L R o
FEFIERPE np B BB ] 1, R 125. 45 min, B K
FHE MR 55 1 IR H B 0] RS2 i a) | fat B
R 5 S KRR ] 35 G W 25 22 S (3R 1 IR B
BT R B 3 B IRRE o 8. 10 Ik, 2
o THER AR A 4. 00 U RIS FE P, MR C
W ARSI R AE A R b 5 g, A /N T 2,
3 G MR 5 MR A TR A PR 1110 B2 I BRI
]2 120. 65 min, B i 2 KT 2 20 3 S Mtk
W it 2 )™ 2 B A 388 00 R 11 A A ) e A 2
S5 EA B[R] ZE | AT B 76 AN W b 4% A 35 1 B 7
H(E1)

&1 A ERRERS BREK LR EPG 545
Table 1 The EPG variables of Myzus persicae on healthy and infected tobaccos

Febi (e R R JBR MHEE Infected tobacco

Variable Healthy tobacco 1 2% Level 1 2 % Level 2 3 %% Level 3
FIERYEL Count probes 7.00 £1.64 Ab 8.13 £1.23 Aab 8.87 +1.85 Aab 12.80 £2.26 Aa
JE SR BB ] 73.57 £15.94 Ab 71.75 £13.18 Ab 75.58 +17.64 Ab 125.45 +16.45 Aa
Sum time of np (min)
551 YRR H B [a] 14.66 £5.59 Aa 21.18 +7.56 Aa 18.04 £12.62 Aa 13.38 +4.73 Aa
Time to 1st probe from start of
EPG (min)
5 1 UOIRFELERT ] 23.52 £7.29 Aa 50.18 £22.57 Aa 66.30 £23.04 Aa 37.00 +18.21 Aa
Duration of 1st probe (min)
551 WK B K B Rz Y R 4.00 +0.60 Ab 5.25 +1.04 Aab 5.67 £1.71 Aab 8.10 £2.33 Aa
R EL Number of probes to
the 1st E1
1R CUES 1K pd I 3.91+1.92 Aa 5.31+3.25 Aa 3.38 +1.08 Aa 7.26 £3.50 Aa
B ESF [E] Duration from 1st C
to Ist pd (min)
pd YEL Number of pd 63.53 £7.70 Ab 102.33 +11.93 Aa 115.20 +15.11 Aa 101.67 +12.17 Aa
pd IS (] 6.54+0.52 Ab 8.53 +0.20 Aa 8.30 +0.34 Aa 8.27 +0.38 Aa
Mean duration of pd (s)
KRR EL(/NF 3 min) 2.53+1.00 Aa 2.73 £0.59 Aa 3.20 £1.17 Aa 4.73 £1.43 Aa
Number of short probes
C P B FFEEnt[A] 88.18 +20.98 Bb  148.91 £16.20 ABa  166.94 £17.65 Aa 165.15 £19.31 Aa
Total duration of C (min)
F 3% Y50 Number of F 0.60 £0.27 Aa 0.53 +0.24 Aa 0.60 +0.26 Aa 0.47 £0.27 Aa
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£F3R 1 Continued

f5tn flt FR AR BR

JIR MHEE Infected tobacco

Variable Healthy tobacco

1 2% Level 1

2 9% Level 2 3 %% Level 3

F UL [H]

Duration of F (min)

54.91 £22.96 Aa

39.21 £17.92 Aa

47.93 £19.63 Aa 32.41 +18.38 Aa

G P EL Number of G 0.13 £0.09 Ab 0.14 £0.09 Ab 1.53 £0.60 Aa 1.33 £0.55 Aa
G P SR RS A 0.39 £0.23 Ac 4.46 £2.03 Abc 19.31 £6.47 Aab 22.40 £10.07 Aa
Duration of G (min)

El J %%k Number of El 3.87+ 1.23 Aa 1.53 £0.34 Aa 1.53 £0.60 Aa 2.55+0.94 Aa
E1 3 SRl 21.34 +5.43 Aab 24.26 +5.89 Aa 10.70 +5.00 Aab 8.58 +2.23 Ab
Total duration of E1 (min)

E2 P ¥R %X Number of E2 2.13 £0.66 Aa 1.06 £0.30 Aa 1.13 £0.36 Aa 1.00 £0.40 Aa

B 1 ORI ZEER 1 K E2 3% 95.50 £22.45 Ab
AYAT [E] Time from Ist probe
to Ist E2 (min)

E2 % 435 22 R B0 Number of 1.20 £0.38 Aa
sustained E2 ( KXF 10 min)

E2 SRR ] 120.65 +23.08 Aa
Total duration of E2 (min)
551 YR e AR S BRI

[#] Duration of 1st E (min)

45.14 £14.12 Aa

144.61 +£25.50 Aab

1.00 £0.26 ABab

72.25 £21.07 ABab

39.09 +15.10 Aab

165.34 +36.01 Aab 184.83 £31.51 Aa

0.53 £0.22 ABab 0.33 £0.21 Bb

40.42 +14. 67 BChc 5.30£2.05 Ce

20.66 £13.45 Aab 5.21 £1.51 Ab

F PR T E + ARETR . [EATEIR G AR NS B3R R 2 LSD K5 7E P <0.01 #l1 P <0.05 K255

% . Data in the table are mean = SE. Different uppercase or lowercase letters in the same row indicate significant difference at P <

0.01 or P <0.05 level by LSD test, respectively.

IR T HRF A S MR b pd D BB
o 00 2 v TR KRR, ELIBRR AR 1 1% pd I8 R A
]335 8. 00 s DAL i FENARE 1o 6.54 s, 22 R 3
(F 1), (ERHIEMRS B RAR LIRS pd 11 (% 3 ASTF
WP A7 A 22 5, B AR RE b pd 11-1 W 45
SLIN[E] 5 g AR 25 57 103 5 pd 102 NI TR 7
1 PURRIARE K, ol 2. 28 s, TEMEBEMIR |- e jd,
ML 64 s, 35 22 F R 2 3 YU MR Y pd
-2 Tt d S A AR s JEe A ik L1
pd 11-3 MPJRAFERA (R4 2 K TR (B 1)
2.2 MRS O$HEES R B AR R AR RIER 1T A

E1 I B if o] 18 3 B0 bk L e, h
8.58 min, 7 1 I M Bk b AR 22 B B e K, o
24.26 min, "R BE MWEF E1 B E2 JEK
AR B S B IR RR R I T i 2 5, 5B 1K
I ZE 1 O B E2 AT 7E 3 SR ARk
“h 184. 83 min , i 3 K AR AR R 95. 50 min,, g
FRIEME 1) E2 PR LB 10 3 = T 3 G i
WA FH SRS TR EES @R L
E2 P M FEEe it A f K, 4 120. 65 min, 3 FoMR bR L
B8, UH 5. 30 min, FHEREARR 5 2 .3 U
R IR) 22 5 TR A 1 35K MRS 1 WA e AR R L

£ B ) 7E (R E AR AR oK 45. 14 min, T7E 3 2480051
B EALHK 5.21 min, “FERBE(EL),

45-
2 40 mpdll-1 mmpdll-2 3pdil-3

3.5 Aa A Aa Aa
3.0{ Ab
2.5 B A
> 2.0
1.5
1.0
0.5
0.0- L
i B RR 1% 2% 3%
Healthy WJHAR BOWEdk  Bowpk

tobacco Level 1 Level 2 Level 3

B 1 (REFEseES Bm AN L pd I1-1,pd 112
n pd 11-3 F I FFEEATE
Fig. 1 Duration of sub-phases of pd 1I-1, pd II-2 and

pd T3 P 35 R B ]
Duration of sub-phases of pd II (s)
>
o
f<+]

pd 1I-3 of Myzus persicae on healthy and infected tobaccos
(SRRESE/EpIR SOE S TR1I A7 NG d S o N CIPNIA N
LR RFR L LSD KR AE P <0.01 F1 P <0.05
K225 1.3 . Data are mean + SE. Different uppercase
or lowercase letters on the same color bars indicate signifi-
cant difference at P <0.01 or P <0.05 level by LSD test,

respectively.
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IR BF T R e A S8 1 e S8R Y 7 2 .3 )
TR AR 1 G B i 1,53 AT 1. 33 1K,
8 b 2 ven T R 5 IR A AE 3 B R Y G
P BRI A] A 22. 40 min, T E K TR MM Y
0. 39 min Fl 1 B MAPE L1 4. 46 min, {H5 2 %%
TR MRRR TG ik 35 22 57, B CMV \PVY 1R & 1R YL i
eI, SAEBRARARAR LL |, HH I 7E B ARk | RR i 2
7K S FTCHLER . 3 5b, bifi 25 T 8 Ak & o )™ i
Ry |7 ¢ NI i Y @ = R N R g
(F1),

2.3 1A O$HES BB IR R BT & B i Ll 51

R 1B A KRR -5 TR MR 5 B B i i
P50 15107 [ 9= R v Sl ol O3 e sy 1 1 <)
LR 45.67% ,3 HIBIR bR 2R 75.22% , — &
Vi) 2 S b 2 5 RO A £ R R ok 5 S AR P | 1 E
P JF T 7 H B TG B 25 S GBI L e
3 YRR INRE LB, 7. 63% , SRR AN 1 4%
TR M R 2 S W 2 fEE R R L B2 U T o LR AE
30.36% , 1% 3 m T 2 GO R RE Y 8. 23% Al
3 RBSRAHRR L 2.32% (%2)

R®2 ABERRSBAAN L& EPG K S SR ER AL
Table 2 EPG-recorded probing behaviour of Myzus persicae on healthy and infected tobaccos,

shown as percentage of stylet activities %
kR TR R B MR Infected tobacco
Variable Health tobacco 1 %% Level 1 2 %% Level 2 3 %% Level 3
C WP di e it

45.67 £6. 84 Aa

The percentage of waveform C
F BT b
The percentage of waveform F

G W a

16.29 £6. 63 Aa

58.83 £5. 66 ABab

15.46 £7.07 Aa

66. 11 +6. 14 ABb 75.22 £6.76 Bb

15.75 £6.24 Aa 12.02 £6. 69 Aa

0.60 £0.07 Ab 1.35+0.95 Ab 5.93 +2.83 Aab 7.63 £2.94 Aa
The percentage of waveform G
3 7
EL BLBT T BT L . 7.54 £3.23 Aa 8.56 £4.54 Aa 3.76 £1.81 Aa 3.46 £1.50 Aa
The percentage of waveform El
y 7
E2 Bt o T A3 H 30.36 +7.43 Aa 16.31 £6.44 ABb 8.23 +5.68 Bb 2.32 +0.98 Bb

The percentage of waveform E2

R T8 + AR, [EATEIRE G AR NS F R BN 4 LSD KK TE P <0.01 1 P <0.05 K F2ERE

2 . Data in the table are mean = SE. Different uppercase or lowercase letters in the same row indicate significant difference at P <

0.01 or P <0.05 level by LSD test, respectively.

3 it

B HO IO AT R 2 R 3E P 1 AR AR

—, IR EPG HOARBFFE B He i IR IR A7 o0 2
R A NAPERA ) TR W eI 215 EAEY)
KI5, 16 e n 3 ERYR R Y Bt T U, L
FIWTE R TAEH— L RIFR (Liu et al. ,2004 ; B 55,
2011) o ABFFEHER 1 YORER H BN [ R B CMV
PVY (R S5 MHRR SN ARIE 25 Bk A Bl | B 3%
NS M 37 0 2 2 B SR T A T R0 T IR LR A5
(2015) 5T & BR, 5 fid K R A AR AR L, AEA A4
“RIE\ Nilaparvata lugens (Stal) T2 YL rd 7 /K Fg 22 4%
W5 495 9 = ( Southern rice black-streaked dwarf virus,
SRBSDV ) /KA _EHUEL Ay FEAR I Ne (N2 + N3) Sl Rp4k
IR TA] 2 35 S  Ne JBEAFEE I 18] o S 00 i 18] A9 7
P B SR AR AR B A R, CMV |

PVY RS I H PR T . 25 90 AR i 21 35
BALEAIS ], p R SR o 7 1Y A 2 4 A) %k
BSR4 B Ha i) SR B8 A2 0 7 A S {H B A
PUIA TRt — DR R

AR 25 L s MRS 42 ik 3] ik BRE A PR F
AEAR PRk A S B e &, T e J8i A ik b 5 46
BRI T] 29 BFJofi 08 ok 7T eV 2 3 60 A0 07 1) 35
& AR (2006 ) 15 B MHEF LRI, PVY g
R b % i R G O R AR B, I Uk g
PVY 8RR X AR AEF R A A Y 5 3K P2 55 (2007 ) A
G CMV I AR 00T 08 057 7355 58 0 B0 1 S
RO, SRR R A L Y CMV 5 bk 3 B AR F
T AR REAR . WT5E R B, R B (4 AR AR 1T 42y
XA H 038 S B ( Gonzdles et al. ,2002 ; Sauge et
al. ,2002) , AHFFELIREGZ M, 2 CMV (PVY
TR RGN MR 7 B M b B A28 I 1 G5 252 1f
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[i) 4o 3 A ) g A IR SRR e et ) D /b fHL 1 2
SRR AL AR X AREF 114 SRS A A B e A R, AN 4 35 i
T HBNIRICE A s A IFR] T 2,3 08 Mk ) mT
BRI AT 0 i 15 5, AR AR 2R S e
PIA] B i CMV PVY PRl 25 40 B AE FH 5
EH

RAR 26 R 22 B W s AR A R A B e e
I8 2 R BB AT M X FE Y 1 (L 36 T2
(AR S 2 AN AL T T Y 3 S (Stafford et al. ,2012)
Martin et al. (1997 ) BfF75 B, W H C1 478 i P9 3 i
ARV 53-8 P B8 235 LB A4 A AR W00 B 10 A6 7k
TV BE AT R F B AL B 38 2 LA H2 80E HE Y
DB A N G e ) G N T 7 = P
B BT SRR B KRB FE (Maize
streak virus, MSV ) { 2§ 3= 2 i — S M1 Cicadulina
bipunctella BUEAT Ry & A MR, S BUCH A 5 8 52 5
(Pinner et al. ,1993) ; Vi {E&] 5 Frankliniella occiden-
talis 1B 7 1 BE 25 95 3% ( Tomato spotted wilt virus
TSWV) Ji , HoAfe pl e B 4 42 1) 4 v m] fif e s Ay
LG 5 (Stafford et al. ,2011) . ABFIY 455
R R ZRIBCE R v, R B AR AR b pd B
PR S 35 v T R AR R | 3 Y SR AR Ak - R F
5 20 6 ) 1 42 A3 By, it i T AR AR
pd AP AF SIS ] F R AR B opd B 111 A
11-3 MV 96 ) 457 2 If ] A, S =8 345 430 MV PVY
TR 12 YL Be A 2 X X5 75 (15 45 .
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