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W I EH 22 K5 (Mikania micrantha wilt virus, MMWYV ) X 8H 34 ( Mikania micrantha) W5 A A LA SE 00 3835 T
MMWV (244 % 3 H 45 i R 88 58K 4 052 AL i (superoxide dismutase, SOD) | i A L ¥ il ( peroxidase, POD) | 2 By % 1k il
(polyphenol oxidase, PPO) FI P 42 % fi% %2 ( phenylalanine ammonia-lyase, PAL) 3% 1 J -4 5 M & i HDG S AR VE RO R, 45
RRY . MMWV BH % H 48 16d I 1 SOD T PR HuxT BEZH =, Horh i 16 Kk KAE (B4R S 55 24 F132 K SOD &4y
S EEE AR T 13.28% F1 25.37% ; POD JHMEAE RS 16—32d ¥ B T AR . PPO Ml PAL AR fL ¥4 38HAL, fE 4Rl S 55 8 K
X WA BRI A ) EE X BRTE T 77 75% A 23.58% , TAESE 32 K5I Hxt MO /D T 14, 27% F120. 53% , it 25 4= 4 b 18] () 346
B s A b R A D R a/b (B RAR R B OEOL G AR (P, ) UG R (LSP) 43 3 LA e XT
WD T 32.349% F 12.52% |, T RTIREIEGE AR (R,) , EAME S (LCP) MIZEME TR (AQY) LR EZ M, £ MMWV {2 L]
AR H 20 oG AR - ACE .
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Effects of Mikania micrantha wilt virus infection on photosynthesis and the

activities of four enzymes in Mikania micrantha H. B. K.
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Abstract; Mikania micrantha ( Compositae) is one of the world’s most aggressive weeds and is responsible for substantial
damage caused to natural ecosystems and biodiversity in South china. A new virus infecting Mikania micrantha, designated
Mikania micrantha wilt virus (MMWYV) | belongs to a third subgroup of the genus Fabavirus and represents a distinct new

isolate of Gentian mosaic virus (GeMV). Although MMWYV is not lethal to M. micrantha, MMWYV efficiently inhibits the
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growth of its host under both laboratory and field conditions. The feasibility of using MMWV to control M. micrantha is
therefore worth exploring further. To gain further understanding concerning the physiological and biochemical effects of
MMWYV infection on Mikania micrantha, the activities of superoxide dismutase (SOD) , peroxidase (POD) , phenylalanine
ammonia-lyase ( PAL), polyphenol oxidase ( PPO), as well as chlorophyll a/b ratios, total chlorophyll content, and
photosynthetic activity were evaluated in M. micrantha leaf tissues following MMWYV infection. In comparison with
uninfected control leaves, our results revealed that chlorophyll a, b and total chlorophyll contents, and the ratio of
chlorophyll a/b decreased by 30.76% , 18.76% , 26.41% and 17.84% , respectively, by 32 d post-MMWYV infection.
SOD activity significantly increased and reached maximal levels within 16 d post-infection, however activities at 24 and 32 d
were 13.28% and 25.37% lower than those of control (uninfected) plants, respectively. POD activities were significantly
higher in leaves of inoculated plants relative to control plants throughout the experimental period, with maximal levels
occurring by 24 d post-infection. POD activities at 16, 24 and 32 d post-infection were increased by 16.70% , 41. 12%
and 16.11% , respectively, relative to levels observed in control plants. The activity of PPO in infected M. micrantha
leaves reached maximal levels at 8 d post-infection, increasing to 77.75% above control levels, however PPO levels were
14.27% below control levels by 32 d. PAL activities following MMWYV infection exhibited a pattern similar to that observed
for PPO, increasing to 23.58% above control levels, then subsequently declining to 20.53% below control levels, at 8 and

32 d day post-infection, respectively. Maximal net photosynthetic rate ( P, ), dark respiration rate (R,), light

max

compensation point (LCP) , light saturation point (LSP) and apparent quantum yield (AQY) were 11.76 pwmol-m™s™"
-2.23 pmol +m™+s™", 42.56 wmol - m>+s™", 1063.92 wmol - m?-s™ and 0. 04 wmol/pmol, respectively,in MMWYV-

infected leaves at 32 d post-infection. In contrast, P R,, LCP, LSP and AQY values were 17.37 pmol - m™>-s™",

-2.43umol *m™s™", 36.21 wmol-m™-s™", 1216. 13 pmol-m~™+s™" and 0. 05 wmol/wmol, respectively, in uninfected
leaves at 32 d. In comparison with control leaves, P and LSP values declined by 32.34 and 12.52% following MMWV

max

infection, however, R;, LCP and AQY values showed no significant change during the experimental period. Our results

d»

provide key information concerning the reduction of photosynthetic efficiency in leaves of M. micrantha associated with

MMWYV infection.

Key Words: Mikania micrantha H. B. K. ; Mikania micrantha wilt virus ; superoxide dismutase ; peroxidase; phenylalanine

ammonia-lyase ; polyphenlo oxidase; photosynthesis

WFE R AP ARG B 5 BRI AL W i | TOURS S50 AR, DA T (A 40 1) 78 e A K 52 341
i, BTG R R I R G IRGE P A B B S RN & R AR 2R A A AR A e
TR AR R SRR Z BN, ek v T REAED S IR AR R T i S A YO RN A S —
SRS U S AL W) Iz AL 1 ( Superoxide dismutase, SOD) | i S AL ¥ i ( Peroxidase, POD) 2K N & IR fift = il
( Phenylalanine ammonia-lyase, PAL) %ﬂ%@}}%ﬂcﬁﬁ( Polyphenol oxidase, PPO) EvE E@/}E{Jﬁw 10l o

1% H 24 ( Mikania micrantha H. B. K. ) J&2§%} ( Compositae ) B 2 J& ( Mikania ) Z24F 4 AR, g T A1
ZhE JE Ry R SR R IR A SR A SR AR A, AT AR BNAR T R S

EVE RN AR R B, R R HAR S B, T LA s R R AR AR A S R 4R

b, 36 24 i 1) A AR BB v I R A IR 2 4 A 4 AR TR 0 2 B SRR AR

VERS e B —Fh T S A H A it b th BR85S A S5 RE R 0T B , B A 44 S B B 25 5 i g
( Mikania micrantha wilt virus , MMWV ) | iZHR 328 T 9L G AL MR 2R Comoviridae ) 78 IR 7% & ( Fabavirus ) JEIR
WK EE ( Gentian mosaic virus ,GeMV) By — R S B Rk e o SRS I N R /M B, MMWV B A RE A
B H 2580 (H A 5t 0 A H 25 B9 MMWV A T RERCN ZEYIB iG H  AR B iz —

ARSCNAEFAEAL A EDFTE T MMWV 24008l H 48065 et M S AR B0 SRR G 1Y 4 Fif 322 W 1R 11
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S BRI MMWV (2 45 3 H 2 A8 3 A A8 A5 152, S R MMWV A2 90 736 #H 48 3R ik e & %
S
1 #R5FH%
1.1 HEA K
MMWV 4385 ) &0 0 H 4, R F A2 v e B T MMwV e
TH B 2R BOR AR RO R AT A, B K20 9 em (W25 I 7E ELAR N 16 em MIFEAT , R4 1
Mo FFBUE G ER S R K/N—E 3 H 56 40 tE
1.2 {5k
1.2.1 Befpibag
FERH B K BT 5—6 Frnb it SR & BT IR EEIE 7 IR MMWV | DLEFP B IR 22 bl R o) B, 43531
FEFERDALHIS A 8 (16 24 32 FORAEALFP I F I 5E 45 WS #r
1.2.2  SOD {&PER I E
SOD (R E 2 I8 122 [ (5, FRBGERH 261 H 0. 25 ¢, AW TS A 2.5 mL 0. 05 mol/L BilRZ%
MR, 52 10 5,12000 r/min 25.0 15 min, B EVE RN, 4 CORAE# M. 4 0. 05 mol/L WEMRZE MK 1.5
mL,130 mmol/L W B FRAE W 0.3 mL,750 wmol/L & # DU 0.3 mL, 100 wmol/L EDTA-Na, 0.3 mL,20
pmol/L ## % 0.3 mL, #ilK 50 L, 7&K 0.25 mL MAFI L @R IRA W88 TRmELA  HAAKE
BT 4000 Ix HIYGKT RN 20 min, SV EEHIG , LARREAR 0 R 25 U6 B 23500000 e W Y BEAE, B 4 Ik,
1.2.3  PAL JEPERIE
PAL B9 5E A6 E L FREUECH 460 F 0. 1 o, IMARFEE IR # 2E 2 mL UL, A 1 mL
PAL B0, 8% 1 min,4 °C 12 000 r/min £5.0> 15 min, B WEWR W G 4 CHEAER . TERE P& A
0.02 mol/L L-KNZEMAL 1 mL, 0.05 mol/L Tris-H,S0, Z& M 2 mL,0.5 mL B, XTEEHINA 0.5 mL PAL fiff
FEUR ., 40 C/KIA 30 min, 7£ 290 nm Kb GRS, L OD290 nm {HAE{L 0. 01 S — 1% 1B, 552 4 Ik,
1.2.4 POD iHHEAGIIE
POD SR BIAREN A E , 2 O RS ik, FRERH 350 0. 25 o, RIS 5 55 A BS.048,
2.5 mL 0.05 mol/L BEMRZE MK (pH 18 7.2, N 5% B MIEMIEEER) , #7510 s,12 000 r/min &L 15
min, B EIEW 4 CHAFEH . FEHCEMFIRRIIA 1 mL 0.1 mol/L BiRRZE whi (pH {H 7.2) ,1 mL 0.1 mol/L
WAIABY, 1 mL0.8% H,0,,50 wL Bi5 HGHH 3 11 S 45T, 78 470 nm ABIIR S B, 12 5% 0—120 s (1)
0D470 8,4 10 s id3% 1 K, EH 4 K,
1.2.5 PPO 7HtERME
PPO WS IR B (5 vk i A eleatt . FREGEH 250 0. 25 o, A 5 5 A B0 4%, I A /b i
A A 0.05 mol/L BEFRZZ M (pH 185 7.8, W& 5% RMFEMIEBERT) , ¥23% 10 5,12 000 r/min &.0> 15
min, B EIHW 4 CIRAER . TR INA 3.9 mL 0.05 mol/L B§RRZE #hi (pH & 7. 8) ;1 mL 0.05 mol/L
LB W;0. 1 mL MR, 37 °C 15 min, A AVKIEIFIIA 2 mL 20% =S LR WA 1LV, 7E 525 nm
ST GRE(E , H A 4 IR
1.2.6 MRS EANE
SIREF R M R 0.1 g BlH 30 F B AR R i BRI S BOIR T 80% 11 TR K
VAT P2 R BRI IO A0 1k, 4 9 R B RO L 8 5 A2 2%, 40 BIAE 663 645 F 440 nm Kb W'
fE, AR ISR B AR a AR b MR E RS, 4 E /b WIHED  HmE 4 1K,
M4¢2 a = 12.7 x 0D663-2.69 x 0D645
M4 b = 22.9 x 0D645-4.86 x 0D663
MIEREEE = 8.02 x 0D663+20.2 x 0D645
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1.2.7 DUEERZSENE

F L1-6400 {E#50EA 1 (LI-COR, Nebraska, USA) il MMWYV 124 32d J& K fdt Fié X B8 2% H 45 ik A 78
8:00—11:30 ' iy 2k , W B am A B b 58 21 55 , AR U 8 Y 38 72 % B ( photon flux density, PFD)
4 1500 ,1000 ,800 .600 400 200,100 .80 .40 .20 F10 mmol-m™>s™" | M= IREF R & K 25 C,MERKSLERN
CO, W EFRE 7F 380 pmol - mol ™, 7E BEA VG HBR BE R -1 180 s J& M %2 15 ) & 3 K ( net photosynthetic rate,
Pn) 20 RERRIN E TS S R, 1A S K, #KHE Bassman F1 Zwier Z T PIE Pn-PFD M4k B K
A3 K ( Maximal net photosynthetic rate, Pmax) 2 Wi F50°% ( Apparent quantum yield, AQY) | i i
R (Dark respiration rate, Rd) Y615 ( Light saturation point, LSP) FIYG#M2: 5 (Light compensation point,
LCP) ., FEHIBHBGE T SPSS 16. 0( SPSS Inc. , Chicago, IL, USA) HAEL TN BRI T4
1.3 Hdlab

iz FH SPSS 16. 0 X SZEBARIEAT 28T , A REAS ¢ K503 MMWV R4 4 H 25 B &k iy 5
) , i AT B8 15 o (B e iR
2 ZEREHH
2.1 MMWV {24:%f SOD . POD ,PPO Fil PAL 7t [ 52

M1 AT LR i @R BB H 28 9 SOD {E MR FEA X SUE , HeFh MMWV J& , 2 H 25 i - SOD 1
PELESERN S 8—16d 433 HEXF R ES T 19.20% 1 14. 19% , iR MMWYV 24—32d Ji&, #% H 35 M A P SOD
TR HTRA , FE e 32 KA BN ARAE, HexF BEIEAR T 25.37% , &R MMWV J5 548 H 2510 B 4 POD 1%
PER AW WAL, RN 8d J5 , POD I 1 X BEZ W FHi5 , 5F 24 KBS m KM, X HRIE N T 41. 129% ,24d
J&i POD TEVEA T BEA S B W2 TX A, 4 H 45 3Fh MMWYV 8d J& , M I8 PPO GRS B K AH,
FUXT BRI T 77.75% o $ERP IS 16—32d PPO 16 P B A AR fh it 45 fa B X R A JE AR — B, 4220 MMWV
8d J& , A H 3G b PAL 15 Ho6H IR 25 N T 23, 58% Bt SRk H 45 A PAL TEPETTRRRAC, Z )5
PAL {i M TFET 56 24 K FHIRIE(E, B PAL W& PEMZAT 2 A, 5 32 KRBT N PAL 16 o4 L) R i 2
AR T 20.53% .,
2.2 MMWV {RYLXf i H 45 R4 2 3 i 1 2 e

R R G0 7 A4 3R a PSR b AR S i TSR a/b REFENERE . 32 MMWV {24
PIBRH 20T R 4R 3R a SRR b MR R DS i RS HE 8 KITIRZEME NI, & 32d J5 F R B ik,
MMWV ZYeps 48 32d J5 , B H 25 it 4g R a PR b MR S M asb 4351 Hxt B2 e 2D
T 30.76% ,18.76% ,26.41% F1 17.84% (& 2) .
2.3 MMWV {RYLXf i H 4510 B GG Reitk i s

MMWV {2345 3 H 25 i R 89 R, , LCP F1 AQY Tt i 2 520, Horh MMWV (2 YL fdii: 9 LCP HL X B3 fin
17.53% , MMWV {Ya H 25 it 514 P, A1 LSP 2351 Fo Xt BE 8 2508 /0 32.34% F1 12.52% , 2B MMWV
{RYL AT A H 4G B L AR (R 1),

F1 MMWV EEMEHEHEMHREESHHZNT
Table 1 Photosynthetic parameters in the leaves of Mikania micrantha after infection by MMWYV

HEERSE X HEAE BRI
Photosynthetic parameters Control plants MMWYV infected plants
e KA % Maximal net photosynthetic rate P, /( pmol-m™s™!) 17.374=0.790 11.755+0.625 **
W53 R Dark respiration rate R,/ (wmol-m™2s™") -2.427+0.262 —2.234+0. 406
S, Light compensation point LCP/ (umol +m™s7!) 36.208+1.698 42.555+2.941
e AN A Light saturation point LSP/ ( wmol-m™2s™!) 1216.132+41. 384 1063.916+28.071 *
FWAE TSR Apparent quantum yield AQY/ ( pmol/ wmol ) 0.046+0. 003 0.035+0. 004

% P<0.05, = = P<0.01 Bdidy A E I +hpifiie
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Fig.1 Changes of SOD, POD, PPO and PAL activities in the leaves of M. micrantha after infection by MMWV
B R T AR R
3 itig

R R R Y 5 27 E AP R SOD, POD, PPO %5 548 4 0 M 4 5 A il 136 P A 175102401
W} H: K G (Glycine max) f) PPO A1 PAL {55 X K & AL M5 5 ( Soybean mosaic virus, SMV ) FIPTHE R B35 1F
HAE, AR F o PPO A PAL W& MK B A K G it S I S 46051 L B 93 % AR R 4
AL 5 ( Cucumber mosaic virus, CMV) ) PE M F1 Xb 45 3 FhEE#E)E , Xb I M BRI 5[ AL SOD & PERT
BT R BTEVE TR M AR B PAL TG ME— BRI ERR/KF- T PE 2EAR I 3 PAL TR ML R %, PE AN
M kI P8 POD BHEVET 7 ARSI 4SS B8 MMWV (2544 H 4§ 0 #T% $ SOD . POD  PPO I PAL
TEPERE =, JUHIE PPO I M LUAgE BT 3G TN 1 77.75% ., BfE (R YL RIS 0, 8w % H 3§ Fr b SOD . PPO
1 PAL B3E B E AR, T POD AT P I DR A AR B 10 K- (8 1) o [RIBR B ( Cucumis sativus ) v R G
1 I 2590 ( Fusarium axysporum f. sp. cucumerinum Owen) Ji5 , ' 241217 POD, SOD, PPO 5 PE78 {k ih Z6 A7 1
2 A  PAL WG AR AL 2 AAAE | e b hoii i R 19 POD A PAL & MERYEE 5 HHi ik 2 10 35 AR OC,
ifii SOD Fl PPO 11 (4 i S0k S b i 3 IE A,

BRI L A AW IS, 70 A0 M PN K b A T B B AT B R AT 3 A B SRR S AL R DD RE A R R
) SRS RO A VORI G B 605107 6 4 AL M 2  Tomato yellow eaf curl
virus, TYLCV ) 1RG0 S 23 il ( Lycopersicon esculentum ) Wy T4 2 a 4R b MR B & AOLEER
AL B4 W o fd e ARk T B 50. 2% .24.19% 43. 84% 43.28% F127.07% >, Ty Y %5 3 ( Potato
virus Y, PVY) [RYLEEEBE (Solanum tuberosum)60d Jii , {2 Y4t R G G B8 4R R 5 i T 1% i ik
OIS T 49. 4% 40, 2% Fi1 72. 9% J& F AL 94 B ( Turnip mosaic virus, TuMV) 12 Yt 3 ( Brassica
chinensis ) FIFF 3 ( Brassica juncea) J5 20 FE M A SR & & DA HER ZERE R RS BUFEE
JW 7% 2 ( Broad bean wilt virus 2, BBWV 2) B935 Fll PV131 {2 Ys 4 5. ( Vicica faba ) {H 85 4 & B 4 5 & 1=
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Fig.2 Chlorophyll contents in the leaves of Mikania micrantha at different stages after infection by MMWYV
BRI D £ bR R

W AR a/b (HIBRWIRAR . ARFFESE I B8 MMWV (2444 H 45 32d e it i iRt % a 483 b A
M4 3 RS i B ([ 2) [ eh P I AQY 3 5 G R B 3 FR AR T 32.34% A112.52% (% 1),
LW MMWV {2 54 0] SEma i H 3 0 b SR i 25 AT g, NI B0t o G RCRIEK, IR R Y T30
ERY LR R B R R BT SRR R 2 IR TR B AL S M T R, T RE R O B VR S
AR F R 0

AT B IR 3 H 48 Bt 3= A 4 FhED N5 IR Ab# Bk CERB R RS . N L RIS F Tk
2 e T ARE NG X, KRIEAR TWEER 98 2% 1 B 52 %, A By Bk o 1 R B8 75 G, A8 H 2 m] REAE 4K
SRR E . AR IE 2 R A 36 00 I s A W R R S R R (LT A R A ) TR
Ellison 2502 % ¥R 2% H 25 W45 Puccinia spegazzinii (AR YLtk H 25 J@ ALY . & WL WE (Actinote anteas) (B gkt
K758 ( Brevipalpus phoenicis ) ** Fll /N 32 i ( Acanthophyche sp) "™ %5 0] BUEr i H 25 9 X 1, W 8P % 22 1
( Cuscuta campestris ) Al ¥ o i H A AR K /fE[Z:ﬁlé*E%%H%[“]o A B AT AR R R <
( Heteropanax fragrans) ") FI23 ( Dicranopteris pedata ) ™ 2 AW Wy Fp s il i H 25 0 AR K, & BRI K St
WM NAZ A IR B4 00 T TR AEAR R AR B E 0 DF98 R 3 MMWV (2348 H 448 30d J5 , =2k
JiE MR ZEAN Y it ) E AR R BB R T 75, 3% (75, 6% \79. 5% F191. 6% ,MMWV R4 H 2
AT ST A A8 R BT T T A MR BIF 5T 2 B R P 8 A O AT (R R S B
IO FH s A 3 o A AR

AR MMWV 38 3o B R H 450 006 G R e R S P AR DG A i s il il ek H 3 i A
BRI TEAT BRI TR H 45 B AR ) A G A A KU T v i TR A
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