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BEHFEACDHTH N, RAMBEEGRREE, ERFuEETEYN
Emn =R R g, ek, MERLERANEKR, — LAk, k. fikE
FIMBRAEARBEURT, ERARE LY A RER R 2 EER{TEENMR
REME. BEEREFEKBITEERNEARALZET ARNRXE, BOEFAE
ATHEFNBAFBEAESRGERNNRR, EREFFAHTHERARE
AEWREUE D, AXHETE elC FERABERRABESHKE (Rice
dwarfvirus, RDV) W& #T, #BCALXE. €. Nah = PaStSF Ly
FRMmPE, FETRAHEEE—ATHE R #H%A X (Gas chromatography-
time of flight-mass spectrometry, GC-TOF-MS) Aot B R ¥4 T3 47 7 R#
H¥NH, HHRARBH RO T, WITHEEREA G T B ABNAAR LY,
ABEEABREELLRE RERFRE. ZEERDT:

1. ¥crylC XEABER RDV EXRCARRFTENERLEHES

BARREFAFH THEVEESRAABREINE B EFZTE, B
A orylC EEARE R #EF AR, RERDV ABE#EABHERE
FapE i E AT R
2. ¥corylC X HABRR RDV EA R AL WEFENEN

ARGERA (Brvsnon-B) X CAWIFTH . RIRLFLHNMNETLHR
WHREEERHEEED W, B CATR B ABTIC-19 5, 2#. 4. 5#
EopgEE A RRRAEAR MH63 WHEFEK, RERE RDV &
TIC-19 & 3 RDV #) MH63 #5F i, 3 &M FEK, B 1 BELHE
E AR

RDV ##& (RDV vsnon-RDV) #& KA 5 $# 2 kg £ 2 XA B #
®m. B CEARRRY RDV B MH63 AMJG: SR 3 BESHEEHE,
44, SHRERHFELZETHEEFEK. HAKSR RDV 8 TIC-19 ARG
RAENHHEERK, RSB TREEN,

AFEABARERDV RENH CANELFEF, MEK 254, FIE
B ESEAGREENREREFTH.
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B oylC XAARBRERDV B CEAMBENERKE (), EAEE
(Ro>. HRFHFH (D). HEmERE (DD, BLELKE (D) 5 MEHE
AR DERHR W,

3. ¥ crylC X H AR RDV G AN R MY K24

# 3 GC-TOF-MS xt AfEet i M A ¥ oo, #1432 920 ME A EE,
HF 374 R ER R, £ XK LHMEHA: TIC-19 Fn MH63 Z 5] F 9 ¥
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PMELMEEFNTA, HAETE oyIC X, BERDV A TFABRMYES
EREHTH.

R BrARE; ARBELREERE; B LA £k RE4E¥

v



WYL K2 - 247 # 3C Abstract

Abstract

With the world population increasing, food problem is becoming more and more
important. But the plant diseases, insects and weeds are affecting crop yield and
quality seriously. In recent years, modern biotechnology has been used to cultivate
transgenic rice with insect-resistance, disease-resistance, herbicide-resistant to apply
germplasm resource for effectively control pests, diseases, and weeds. But the
potential risks of planting transgenic rice also attracted public’s attention. Although
there have lots of studies on effects of transgene to rice and ecological system in the
field, reports related to the safety of transgenic rice under the adverse conditions are
oppositely less. In order to accessment the ecological safety of Bt rice under adverse
conditions, this experiment taking rice dwarf virus (RDV) infected transgenic crylC
rice as a research material, studied its affects to development, breed, feeding,
ovipositional preference and other biological characteristics of Nilaparvata lugens. In
order to pinpoint the metabolic change of rice leaves, a metabonomics analysis has
been carried out through gas chromatography-time of flight-mass spectrometry

(GC-TOF-MS), This study will provide a scientific basis for commercialization
and popularization of transgenic rice. The results are as follows:
1 Effect of transgenic cryIC rice plant infected by RDV on N.lugens feeding and
ovipositional preference

Compared with the numbers of N.lugens and its eggs on different rice plant
treatments, we learned there were no significant preference on N./ugens feeding and
ovipositional preference between transgenic crylC rice plant and non-transgenic rice
plant, RDV infected rice plant and healthy plant.

2 Effects of transgenic cryIC rice plant infected by RDV on N.lugens in biological
characteristics

Compared with the parent line MH63(non-Bf), Bt rice plants showed great
effects on some biological parameters of the N.lugens, such as egg duration, nymph

duration(3 instar excepted), male and female nymph total duration. Compared with

A%
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parent line MH63, N.lugens feeding with T1C-19(Bt rice) showed significant
prolonged on 2 instar, 4 instar, 5 instar nymph duration and the male and female
nymph total duration. Compared with MH63(RDV infected), N.lugens feeding with
TI1C-19(RDV infected) showed significant prolonged on egg duration, 3 instar
duration while 1 instar duration significant shortened.

N.lugens feeding with RDV-infected or non-RDV-infected rice plant showed
great difference on S5 instar nymph duration and female nymph total duration.
Compared with healthy MH63, N.lugens feeding with RDV-infected plant showed
significant shortened on egg duration and 3 instar nymph duration while showed
significant prolonged on 4 and 5 instar nymph duration. There have no significant
change on other biological parameters excepted the prolong of egg duration when
N.lugens feeding with healthy or RDV-infected T1C-19 rice plant.

There have no significant change on nymphal survival rate, adults life span,
oviposition amounts, egg hatching rate and other biological parameters when N.lugens
feeding with Bt/non-Bf and RDV-infected/non-RDV-infected rice plant.

There have no significant impact on N.Jugens population intrinsic rate of increase
(rm), net reproductive rate (Ro), generation average duration (7), population doubling
time (D7), weekly growth rate (1) and nymphal survival rate when feeding with
RDV-infected transgenic crylC rice plant.

3 Analysis on metabolic substances of RDV-infected transgenic cryIC rice plant

Analysis on the metabonomics of rice leaves by GC-TOF-MS, 920 effective
mass spectrum peaks have been obtained, among which 374 substances have been
identified. By multivariate statistical analysis, we found there have 9 differential
compounds between T1C-19 and MH63, 42 differential compounds between
MH63-RDV and TI1C-19-RDV, 18 differential compounds between MH63 and
MH63-RDV, 57 differential compounds between T1C-19 and T1C-19-RDV.

By the analysis of differential compounds participated metabolic pathways, we
discovered many amino acid metabolic pathways are affected. Determination the
contents of free amino acid experiment indicate that transgene Bt have no impacts on
amino acid contents in rice plant whereas infected RDV can increase 11 free amino

VI
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acids contents significantly, including Thr, Ser, Ala, Cys, Val, lle, Leu, Phe, g-ABA,
Lys and Arg.

By collecting and determination of rice volatiles, 18 kinds of volatiles have been
identified. Transgene Bt have no appreciable effects on contents of all the volatiles,
but rice infected RDV can significantly increase the contents of 2-heptanol and
(E)-B-caryophyllene. Transgene crylC have little influence on metabonomics and
volatile’s contents while infected RDV have more significant impact on metabolic

substance of rice plant.

Key words: B! rice; rice dwarf virus; Nilaparvata lugens; life table; metabonomics
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1 Bt ABH 2T NFTRR

ABRUEF L REEHNRREHZ—, B30 CAUUBRELIER, F
EEZHR ERAWARBHEABAHEEE, MAREA DR HEK, 2 2030
F, ARBEFEEEREZ 7850 A T/AM, FEER2UAAARBEREARET
K (Chen et al, 2011), M ARBEL T E/RM T KB~ &, w_1E Chilo
suppressalis (Walker). = .38 Scirpophaga incertulas (Walker). #& % & Nilaparvata
lugens StAl. &1 & % & Sogatella furcifera Horvath £ " E & T AW~ EFR &,
EEEARESE RN ERELATR 15%~25% (BXELpFEHE, 2007), HFFK
REERTUE KT 31%NBARK, EHFREATE NS LART (BARE,
2003) .

BEl, TERRECFHENABERH#THE, BLHAEREAE TR
BELrAUEHERMAEE, REAZSEELETABELRGHH £Quer
al., 2003, He et al., 2007, & XEA%, 2009), ¥ RGWERE T MA, FTRH
KT Y amssl, SERFREFRARL, INLERTHRTR. K
HRGLEZENA. HEIREDFRANTH AR, EVFELTHNA RS
M, REFHASHFEEIRER, BRERIESABFERRENT T,

1.1 Bt X REWHF MR

W FHAE (Bacillus thuringiensis, Bt) 2 —f & X KMol aE, "L
FEXHEEED, X B EOREERE R, FAZHSRENEFARRE,
EREMEAZR PR EOENHL, HERIELEED, IXAERESSF
kGG, TUEMMEE LY R E, I REMER, REFRERAT
(Bravo etal., 2011). Bt & G fF Al R A BB A& — 1%, Flbt#& £ RH5 R, B
URBHEZER EEARAS ZHREEFZ —,

ML % (1989) % Br £ESA 64309 X ME+, KET GH% Br £ HHE
. BlER AL, BEASEERETRER Br REW AR EFM (Fujimoto et al.,
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1993; High et al., 2004; Cohen ef al., 2008; Chen et al., 2010; Chen ez al., 2011) , &
BAR THEANE KRB, BRT BAFE 2% F (Huang ef al., 2005; Zheng ef
al., 2011, Zhang et al., 2011, Sui et al., 2011, Han ef al., 2011; Wang ef al., 2014).
2009 F R\ #H 4 F 3 cryldblerylAc £ F ARG & ACHEEK 15 7F“W# 63”7
MR T ZRLH, 2014 F, “#% 157 0 “Aifh 637 BRKER LI A ML B
ZEIES, AFRAEHLGRT AR EFEEZEIRE (Clive, 2015)

1996 5, #EFEEHAAB LN, 52014 5, SREXFERHAET
REMT 100 27, BEEFEYELHR OAMERNKTFRRFHETHH
AEWNARE, RitHEETRELE 1.8 2AW. Klumper # Qaim (2014) 444
BT HFEHRGEERE E RN RBFENRE, oWEREH: EXAZARE
RT 37%HRGERE, RET 2%0EY~E, REFEH 68%. R Br
KRBEN T RNBERNE LN Ml B ARBZE, it RAHERE
B 80%, RHEWMBRATXTH 8%, FETHMN6~9%, FrT#EKREEK
REERATH KM MEZH (Huang ef al., 2005) .

ERE B ARBMBARSRE, EXTHEFREWHZLARREANRA
fe—EHAER, HERAR AT, AT Br ABRAWAS AR R &
BALUTERMN,

12 Bt ABNEARZ LT ERE

ERNTHEAFENWZLAE TN ZEETERNTE: —MRERRLH,
FAARESREN. ARBEAZENRAEY, HEEABRRALLTIRT
KRB RRE, B, ¥ TREZAWINEZERRELRERAREN., T
AESHENZ LN TN, TEEFEXAEERE . SERREy b d & 4%
e, URBEAERWEE G, TEHE SR Br ARBHRATE RN K
] B A 2t BEAR A R AT E R A R R BT
1.2.1 AR 4 Br AW HH

Bt XRBHI AR E B ZE . Z ¥ A% Craphalocrocis medinalis
Guené F1 A ¥2 Sesamia inferens (Walker), 5 4 F| 4.2 3 s F K470 d B4 & i — 4,
ARBGERENT, Bt ABTHFRBARFRNH A SN, ATEH B A
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B, REEEREABTNE, BFELMAT Sk, BXATEREEHR
WHAHE. Han % (2006) #it FI/F2 &R 44 T ZIERS CrylAc FE A
W&, ZREAMESEEONHIREEME LT HEWREF, £ F
A 1S%H - AERNEATRRNME, HAFHESHRIMRAEFZR,
M HAFEEET 70%, ZRARKFEE RN B ARERBENTEANR,

1985 4, McGaughey (1985) B EFWMAMN F &, HRME T 7 ELHE
Plodia interpunctella Hiibner 3t Bt % 7| 7= £ Hi 5 1990 47, /N £ ¥ Plutella xylostella
LEXREHELSE THRAHAXN B ¥R =4 Ttk (Tabashnik ef al.,, 1990) . H
W, EHEELH 7 MEHRN Br FREEGF4ETHME (Matten er al., 2008;
Tabashnik er al., 2008; Tabashnik et al., 2009; Kruger et al., 2009; Bagla, 2010;
Downes ef al., 2010) . ZZERAHT, ELPA2MFTd, 4B LR 10 Frgk
MBrEAMEAET A, WHRELALEE (Tabashnik er al, 2011) . FHHT
HrEEWREZERB R AR Z R REE XS (Bravoeral,2011)

A¥ZHN, BAE A Br YR ER, FRA YA A g W
EEFEE (Gould, 1998) , FEWF REATE 2 xF Br KRG 4E R iF fh 36 3B
AHEERXL.

B EZHAENEZE oW %K% (Bates ef al., 2005; Shelton et
al,2002) , EFRFFAEMEIRGRERERA ZNAH. R RS
EAEBZE Bt A EMES L E B Y, BEZRIBBRERWRY A, &
BMEEGHRENMCENKE, mEAREGERERTRE Br bk LHE, ATZK
HBEEEWEN., EXRRREARE AN IRER, X—FERAELI.
—HEABAAABH LK. DR FEF R, TERIE— P 7 3E 5 5 F AR
BARYF BT B —HEARE LEAFHNFERERBAN, EARAERE &
H A A Hr 7T DL 4 B B (Cuong and Cohen, 2002; Cohen ef al., 2008) .

AFARAFEREERN MR M ERAEIAMHREXERMERN Bt &
ERHAMRBENREEE. SABERYE, RAYAW B EHEER cryldb,
cryldc. cryldbleryldc, R FWH CrylAb B E 5 CrylAc EEZAFREXR LR
. B, #it 3 cryldbiip3H F2 crylAb+CpTl % B 8 K RBR ULEH (Zhao et al.,



B RSB L F AR 3C BB EGER

2004; Tang et al., 2006) . FlBt, A T¥— B XERAREKRE, XA TH B
EERAGHARBN ZAERFEFHHME (Yangeral,2011) . Fl, EERAE
K EE BN ABE i EHE,
1.2.2 B AR RAHA X ¥

B, EABASREY, 8, ARHIHRZENERFHERE, B
RBtEAXAMTHRRELRAEYE, ER Br XFWIEN, ThLF WA
EHNEHBRE, NTREABRRERER®, ERES. RMRE, BXEYR
%, TEETHHMBALRLTHRSPHMEUAB Y EWERTERH . LK, B
ARBEIE, 2BRERERRD, REWEABLLRD, BEAZRRTH
FEFREFCRE, NTITRESYHERRERNL L,

BAKE Bt ARG T BAFRWNTHERT AEITE, HERLH: TR
ABHF, TREREFEREZERTEANAE. TETURE N =X

F—K, B ABHTEREFEEZNREE M EM. Chen % (2012) KE
R HAFEAEKMD2 EH5 4 MRAMBLANZNERLENIHfE
A, FEXMHHEERAREH KNS T ME, F, £EEARAEFLEA,
KMD2 P YAE LW EEREMRTHEHEENEF A 11, Akhtar F (2013)
a4 T 6 A Bt ARHK (& cryldb R cryldbleryidc % B ) ##EH 5
Stenchaetothrips biformis (Bagnal)B &, EALBEREH: A Br AR,
BELWEHREHIHERNAHEEREK, . B EahFNELES
H; AEELET, B ABNEHLHHBEELFNEEA,

FK, Bt ABATHEFFINLARREER. AES (2005) #HX
KA, ARERREABREG 2 SHEBEET, &R Nephotettix cincticeps
WHRRATFELAFLEEGRESA 1 BES 18, TAFRERH, R TER
1 SHEREHBNER 2 Fa, FIVEYEFRTHE, UREZ2 T HRNE
Brsi B EAeAKEESREEK Il 0 4~8 . Lu % (2014) KHEEHK
& T2A-1 7 T1C-19 LR B a9~ P el AR F X E R AR 63 LELEH,
RlEf T2A-1 L BRHBE R FERLERE.

FoR, Bt AN THENFLNLERFLEY M., Chen & (20100 ¥
REH, % cryldb ¥ H AR K & Laodelphax striatellus Fallén., &% &
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B CAHNKXAEAHBARATEZS N, TR CVARRNELR.
Mannakkara 4 (2013) R EE KW 3 # Bt A8 (& cryldc. cry24a. crylCa
EFD AR CAMNBERFTAY. FEE. AETASGHRALED N, AN
AEak. BERHELNHXEIRAAPFERAEFR L. AUEHFRER
TUEY: FRANABEMN, FEFERA XD EIRLAATURREN. AW
D &b 2R
1.2.3 Br A B RXHFH 3 B B

BRAKTULQ A BRERFAFHR, ERBEIRF T A IBF F b
BERINEEHM. Bt AR XZWBtEOKHFERBESRSE YT, Bt& A
THHEARE IR GARA ARRY, HFYWARNEZEFAR AN —
FREAERH, AREEFALARRRESA Bt EOWFH . WAL, BRR
MY, B —RRBAEEE, BN B EOSRUEIRFE—MRLELT.
MEANEFBES ERETA, NIRRT —EFRENEY (Romeis ef
al., 2006) .

Tian % (2010, 2012) B & Br ARG # 4 ¢ BH R GRS A% Pardosa
pseudoannulata Boes. et Str. 5 & 2 58 B %% Ummeliata insecticeps Boes. et Str., X3
REFE. RSP ERIEEREAAMBRATEEF 257 . Han % (2015) A
A cry2da % B KRS # A AR ¥ 18 45 3L % Hylyphantes graminicola, %%
£WH: REAEELA Cry2Aa ZEERWIALK, ARERFIH. £HA. 7
FEAHAZHRERETNA, EZFHEAEEY, EHEELREHR cry2da XH A
gAY REHONHRTEESHSHRAREZR,

Wang % (2012) A 4h# Cry2A £ & afu it cry24 & H AR08 K F 4
Bt EOMFRBELMNEE: FRRARENFTINUHE, £BEARETES
Bz EREEEZR. Han % (2014) 247 T # crylda £E A T2A-1 14 &
JB % 5 ¥ Cyrtorhinus lividipennis #1 %7, L8 A"k 4 F CrylAa AW A TH
¥, AERAR T2A-1 ABWECEAMEEREANATEHTHE, £RRHA
¥ crylda RARFASME TR, BEK, KE, BENBREESSHAR
HEEDM.

Wang % (20152) FIAER REFHEN T ELM T CrylC #v Cry2A T B *



L K283 BB &R

BEREH, SRR ARAMA B EOFAT LA ERNE IR T, R
BE. FREE. AURELEYFSE RO, BEOH. AREERNEHE>
ERERW. Li % (2015 HEXRH: €58 £ Propylea japonica B A& crylC
Mery2d #EARBUERE, KAERRAAHHPEFREK, EFEFE, hE. $AH
LEEYFLPARFERERMN; EAREE CrylCF Cry2A X GBI X0 5,
bR EA BN ETEYNF LR ERFTH.,

1.2.4 Br AF8 3 LA M ¥

TRAEARIBAESRAGHERLERA Y, A BUERBFESRAREN
o, HEEFEYHHAE TS MRT AN LBRE > 420, #THPHRE
MEBAESREW A, B, EABEANEREAF D L RO B0 E, Ui
Bt XA RIAFY Bt EAMFH RN E,

BEAEYF I BREANRRFYEERBLUT HRBANLEF: —
BUHEHRRERN CETHSE, 2009 , BRRFLEAERBGRLRBMNA, Br
ABRARECHLBEFRAB R EE; —RERIERBHR, BB RELLELR
HEREBIEE, AMBEIEGPNELENLEZ T (Wueral, 2002; K%,
2009 ; —RERBRERUW, Bt ABRANS YT &P HLELALNEN
MR, #HMASEEFSNEREFEFH.

B EEHNKAMETRLE B BEF AL REARETELE, B4
BB L REGHE BT LEESFIE (Morra, 1994) . @S (2013)
AT Bt AN L EAWHEE, SEEEASEAL, £ ER4RRLE
BB ARk, AL ERB A AR E PR BT LT EF
B, REF (2015 RETABIEATHNLERS, 247 Br A% (HHI
5 Br-SY63) Mt LR AW HH W R B RAW, & 44 % F 3 B4 (MH63
5 8Y63) AHth, Bt AREH T L RMAMBELRIEF, BAYE B AFABR
FREEFEEY. 0. AAFHENT R NAHE XY, EXFEA 544
EEMBEZAAFLEREZR,

BHE (2015) HRKXH, # Br £EAREAS LER R BHEARBTE 4
HHRHR LA EA. SHFA 1 M, B AFEEROAENT L FTHRN
AVNANEGEAHHARTHYELERE, MASY R LEEAIRLEEHHE



WL KR AR £ E XRER

EFRE, EREOFSXEMBLIENESALEERRAHNEFRE.

2 AW RBERNFRALR

2.1 A8 MR EARR

7K & ¥ B4 45 5% (Rice dwarf disease) 3% J& 4 & % 4% 4 # # (Rice dwarf virus,
RDV), ¥ EHKRAMNHEY, ¥ LA KB (Oryza sativa L). BER
(Alopecurus aequalis Sobol.). F#K (PoaannuaL.). %Y £ 8% (Oryza rufipogon
Griff.). ## (Paspalum thunbergii Kunth ex Steud.) % (FA#, 2012).

RDV &ATT 1883 FEHARH, MERANGE. §ig. RARPERES
o ARENARERZE 20 #2 30 FK, MERXFEBRIYYT A, 1971 %,
RAHTILA H RDV R R B ARG~ ERAFHIL 2.6 LA, KwE B 1000 7 &,
RDV #t X B4 = H = EH# .

RDV & T "¢ 9 7% % £ (Reovirudae) , 1 41" I I 3% & J& (Phytore-ovirus)
EREXAFARGEORT 244 MR RNA A K, KIS FIEEE 5 48 h,
RERKTEETARTHARZH S

22 ABFABRERNAFERAAS

2.2.1 ARBIMBLR AL EER

ABAUHESEY G RF, LFUH, Frr kLA RREeITTE
MBEE, MEETRITEER, BRERNBELL, LRGN, EhaHER
%, pREmERER. THER. BERE. TEEE. REALSRFIR. £
BEHER, SEH R B, MIRE. SRR, 4
SERTHEFAERMK, EEFELEEL. (X E%, 1981; Kimuraet al., 1987; #
#H%E, 2007) .
2.2.2 KRS ARG B9 B R

KRB RE Y A B T, B X8 Recilia dorsalis #1 = & % Rvt
Nephotettix virescens 6%, EFURBEB LT, RPEFENERTBE H7 U
HERE, AETEENEL TR, FHEREEE 85%. RDV FREATHKZ



LR L2247 183X F-F XMERid

(B Bk, AL BEAY B E LM oAy F AT (Fukushi etal, 1962) . &R HH &K
BR%FSmin N BARARFERRE, BRHBRAEEREL S REHEH
THtEERE (MXEE, 198D .
222 AR WBETHRRAR
ABERBREHERAVERBE—REOBLAROTER S, BBKIE, &
B3, adbrt st i ERAF T PAFEERSF 4R, AUAAE. EEFHE,
RO BEYEADERR. HESAREERARE L, FEAE 1R, 6
RALwd], B, XEHBRI I EAFERUDAEELSE, AENFRK
BNEREK, AR BREEARHE, TRIANERREF L ESLE, £
BB T R EHR M AR FERAE L, AR EREREER R T
KL, wEREE (BAMK, 2012) ,

3 RWE AR W+ oA

BEHE 90 FRUK, BELGR¥FARNLE, BATHFFHFABAK
HA, MAMAFRBEREY. XA ¥ FORE¥ZIE, 254 MFHNE
—EERRTE. R#HH¥ (Metabonomics/Metabolomics) & 7 #F %X &£ ¥k 5 4
A, LEEN BB LT NG FREWE S R E A E 4 (Nicholson et al., 1999;
Fiehn et al., 20000, R#t 4 B8 £ M % B & B, w2 E W 5 7 A Z 4 894 R (Fiehn,
2002) « RMAFARTUETEE SN, WA EMBAROLARE T HFR
.

3.0 RWHEMA

R # 45 % € X A Nicholson # # # “metabonomics” #2 Fiehn # 4 ¥
“metabolomics” &, RAWHHERME S MH LR, EERFTHENERK
LR R Mtk B R =4 (Nicholson et al., 1999; Fiehn et al., 2000) . %3], #t
TRMAFHIX Y “HE—4Y., BAREBHRTHFERLSTFE (BE¥ELF T
E<1000) K=Y TERMEELNE—TRE” (IRES, 2015 . K
WHAFUERERFHRBEHBRAFARAR, TEH4ENL>FRENT
1000 #/h4 ¥, BGEE. BOHE BRUEEWNRBENINFR, &4

8



L KB AR 3 B8 G

BXRAWUENEET &, INENBRAAHRTHE, RBTHEE. #
AT B EBE AN E AR GAERS, 20100 . RBHAFFAANEERES
B Rte BB, R B4, 2RABIHEL. Rilth
HEAAES N R ZERUAREF R ENENFEHZ TR L.

3.2 RWAEFTFRER

3.2.1 EFB#{EKETFE (Nuclear magnetic resonance, NMR) By RMAEHK AR

NMR # A £ Rl B ¥ 55+ B &2 & % LB AR Z — (Eisenreich and
Bacher, 2007; Ward ef al., 2007) . NMR A #SWFRED, WAE LN
e, EREGRERRFHNKE. BH. 2 TANFRBEEREL, TEE,
w1, Eot, NMR BAWEHAE— A TEGRAELFRHHEA, NMR TR
ZARNBETE. REER, BRTATHAEHS WA,
322 2T #— i TFeRRREERA

ETREWNRBLEFINMEATUS AR B E R EKA (gas
chromatography-mass spectrometry, GC-MS) . # # & # Jf # B A (liquid
chromatography-mass spectrometry, LC-MS) 1 48 & d ok . 3% /T it B /f| (capillary
electrophoresis-mass spectrometry, CE-MS), i 3 f# &% —FUg B A 9 A4
BEABATE R EFE AR #Y (Bedair and Sumner, 2008) ,

GC-MS ZR#MAFHE T LA LR FHSHTEA, GC-MS E#H &4/ EE
B, BABHRF I EHURFERPARES, REARALSELETRE. R
BN, WBRERTFONASF. AN, ARE. ZELALEH. GC-MS
Wt EEEREW S HERGE, ATHANREKEE, 7ERHANNRE
B, BTERAARANZF . EXEEL Y REE T EUAE, LBIEEI,
WEK, YATHE (Time-of-Flight, TOF) % it & i, @it # B TOF %
Foi, TUAR G- MEAETHETEIFLA, AARE T RRNEE MY
HHE (BALF%, 2015 .

1 GC-MS #tt, LC-MS A UUB A EE L 2B R G EAFAFEEN
EAKE, EATHMAN, FRE, FREL LS FTERAWALEH. LC-MS
WREEREBSERF, HRE GCMS A ZEHWKIEE, FRAOVTHHEE



HITL K8 A8 3 E R

BRRK, FRESHNERY, RYREEEMEE LHEH GCMS H1E.
LC-MS EEMAERE =4 (L%, BR. ARGEESE. XE5W. XF£.
FRE) nBAHFREZNA (De Vosetal,2007) .

EEMRBBRALAML, CE-MS RAERHLERE RS, MAHSR
FRAFRED, FHEER, AERERBAFWALTRAARTHEN
(Garcia-Canas ef al., 2011) .

33 MAARKAFWAR

3.3.01 KA AR PR A

REMEMERL T ETHE NN EEEHR Y EER e, P a4y
frifede £ ihie . EHE KBS E, BRT —RFIAE. REURBWHES
RBA Y, B A SRR s k. iAW T L YR A T s 4
R e RERNL, #—FBTHEDRLH L FHEH,

Bailey % (2003) 477 B 0t £HEE (Silene cucubalus) %0 MR 4
FOR. EREH, SEOMBRAL, FHEEFERET AR MK TR
HMERRNECE, BLARR —SXHELRN S ENEEFRERK,

Fumagalli & (2009) 3 f 8 %2 F 2 44 T# Arborio f# Nipponbare & 7%
AT T R B F 447, B NMR Fo H-1 B8 £ KA %S (HRMAS) #5 %
ARMET ABREF EHIORBEA EREH, BAKBE R
MHEHELEERABEERE, b, Arborio MFHAEA M EHA, HM
1t 44 B9 &L R 4. bt Nipponbare & # & .

332 RURVERHFR

RAAERATUARSMEG AR EKN B, BHEFRE, ARG R R
R, EXEME &N, AARRERGAHANRREFAAEER L,

Fiehn (2003) %%\ (Cucurbita maxima) #ivt } fort 45 Bk € # 47 GC-MS
G, HBRET 400 F 4G, B SARERERE AL, E2H 00 kb,
AURELR. BERBUWEF N EHmBEZBHFENED,

Baniasadi % (2014) # 50 MTREE E XS FHMET 6 M &, & LC-MS
Retiffs 7 REARFREE BN TERARA AR TS, KL LT, HER

10



WL KT 2 AR F—8 URERA

FAEERAR LW MATREE RN, Bt RERF T XAR F Rl
FREEH L ERSRE A,
3.3.3 Ay B o 04 2 Fo il BY WA

Matsuda % (2010) 447 7 it %k ik OASA1D(a-subunit of anthranilate synthase)
EFRABYEHRBAFRA, FARNERA, BRI RLENSH T EERAER
R, EFHEAEHEARE, AR RMMEEE LR B THEREY
EERARERWH.

Chen % (2014) FIARBMAF¥ TS EFHXKLH, LT M ER MY
SEHRTRMAXNCE. #THRE - HERNEYEK (BE. BEFRE), &
BAE (AR, BE BES PEARRPR (RER. XEFFEALRSE)
SRBMANBERERA. HERTHLIEEW I, BATHENT SARERR
SR ANEERBRE.

334 $EEMHpZLETH

REAFET BT ELERARLE YR EAER, LB LT EYE
R AF L FERERN, REN TN HEHEYREXEE AT HNET
RHE A,

Zhou % (2012) BB AR RBREE LT AN, AELHRNKEY
BEENRELERBENNEF HEEF; Chang F (2012) BB 447 T 3HFEFE
EZEFAERN TR TR EERRRME ST, EREATEN TR
WHFHEHEA; Kim F (2013) WRTHEEABS L EDSREAN
S2FmEt e, HEEREH, —ERBHEEXLMR.

Frank % (2012) ##%EFEXSHEHE TN RS AMEAET BT fod
B, REMARTHEERTELA BN ERRBRE SN E. SRET, £F
FREFEKNEER TR S BALK, RETREEZRRY 3%W 4%, T
HEHE (REEKEFRAEKMS) HRBHWRFEHZARA, 25K
10%F2 42%, AT RAERWEATHEEEHROEW.

Kusano % (2015) #|# GC-MS. LC-MS. CE-MS. ICR-MS % % b 4 #7 7
EHEEHSFHRERAATRMNEREHRA T RMHETRBLELIT, ZREH,
RERSDH TR TULEENATARHN R, REEESRBHHTE T 0H

11



AN 20 S VA S 8 XER

FEKIERA, ATTAEHEERBIERRERWEERE.

4 FGREEHFa X

ARBRREZHRRAES, ABHFERREXRIAERNRAEZS. & Br
EHAABMPBETARGABRARERET HEE, BEERAWRARE 2
TREENEE, AAXRGAZRAART S, ERAFIRT ARMXE. EUE
R, AMGRRRATT # B XHE-EHERABHTN, XTFERE
BT, HEAABNZ LU TENTE N, ARREETH aylC EEMRR
RDV #AH & 2 £ &2 W#ATHH, LU B XABERKS RDV 4 TaE 4
AR E LB CALEMFSENRR G =T A= LB,

BEl, BERARBZLHINETERAR KX LR EHFNNESE, EXFT
REFENETHRAATRABAORR., TFER, MELAFHANLE, HRAMN
TUAEH, BREAET BAREA KRB ARG T T, BT RME ¥ AR
Rt e ll, ROTUERSN T HH# oylC £ B AR RDV A AR R 3
MR . R, ABE b ARNEL WAL RTHRA, 2EHMMARER
# 4 FRE .

AR GELAH crylC XAARBEERDV ERF LY HERFELE T
AR EHFLEEK, URNTARREWRGEH, LT Br £ EABES K
FHETHZRE, ALEEABEEHLARERFRKE.

12



WL R 2B AR B_F ¥ crylCBEARBSR RV SR AR AN AR RS

®oF HoylICEEABRERDY EX R CARRFu=iE#H
-0 2o

% Bt REEYWHHBETUN ALY REANEFRAEPAIRE, EFT
AAREEFAARBAGEMEAEROBENTFESZ LA, GEEEEK
A AT Y. FRFENPENSHEUNTENE. £ B BILW AT RME
BRERFELRERNBRLE (Lueral,2010) , #EF Y FEATERH
FHaAHTE ZHxE. AREASRET S, Br ABWIARELTIEAE
CEAMBEAFOTMARERREAE L. YHANIFANE T ERET A Y
*tF 4 47 898" (Bemal et al., 2002; Wang ef al, 2010; Chen et al, 2010;
Mannakkara et al, 2013) , EHEEH THEFRARS TH AP HRIFELTLER
D, REANRAELF R EEETABERSE RDV HEHT, THERFF
S AR R R AT A BB, AT I 3 oryl C A B KRR 9 A DLR B S RDV
REABEFNRBCANENENAR, AN B AL REEHARIHNLR
e,

2.1 MREFE

2.1.1 $HRE &

ERMAB CAREEFEABARAREE (B, ZRBEAER
IABEEREFE XEEHWER T BRG CAAZTALAEART R AR S
## TN1 (Taichung Native 1, ##E. K&, HERFEEARBER &M b, £
B3 REEHBRER. EREFRSEHN: BE 28CE1C, XAK (A: B
14h:10h, BE 75+5%, *5/E 3500~4000 Lux.

2.1.2 BHRARE

ABEMTIC-19RRARFENFRRBHEEEAR, KA cyICEH.
crylC BEE U4 crylCas EEMEXRFEEA, REABCANTEFHRE
MR, WL K B ubiquitin % E 1E % & 31 F(Chen et al., 2005; Tang et al., 2006).



WL R ZB L2 AR FEF B crylCERKRBBR RDV /G 0B G AR 5 0 R0

TIC-19 HEFAABEFTAMEE LG T ZAE, Z(4E, BLAEHEHELH
A EH & F (Chen et al., 2008; Xu et al., 2011; Zheng er al., 2011) . X H A2
FEEFEFEAAK 63 (MH63).

MRABMHANERTRENERN, RIS OB 2 EWREEHIEA, B&
FETEREXERATREREALR, FAAAN B EHRE (K 2.1 #HTHM.
&b A: BE28CEIC, XEH (H: B) 14h:10h, BE 75+5%, #*
% ¥ 3500~4000 Lux.

2.1 ABAREREEF (Yoshida et al., 1976)

L E-2 8 CaCla: 88.6 g/L; NH4NO3: 91.6 g/L
& A& K2SO4s: 714 g/L ; NaHoPOs2H,O: 40.3 g/L
it & &I MgSOs*7H20: 324 g/L

WETEMEERN  MnCL4H:0: 1.5gL;: H:BO3 (8L : 0934 g/L
CuSO#5H20: 0.031 g/L; #HHM (—KAH) : 119gL
(NH4) M0o1024+4H20 (H4HBRE) : 0.074 g/L
ZnSOs7H20: 0.035 g/L; FeCly6H:0: 7.7 g/l

U EEA S BIERE, REMAN SOml KHER, mEEAZEILIL.

EA#ER: 1.25ml/L; &M 2: 1.25mlL;
FEH3: 1.25mlL; HETEFEE: 1ml/L

JE: F NaOH ¥ PH ERE 4.5~5.0, 78 6.0, HEEEE.,

213 WERRECHEFHHRT

HEENFHT, #RERRDV BB R BE TN ARG EESEMHK 3 RE,
B2~3 By R R 5 200 %, REIK 20, HBERERDV WARE (BFK
ARBEBERAARAFRAZEMEIRERE). F2d 5, HERETHEEES
BENTNI ABLAR 1A, EIRENEED. HE, AEBH15dEEMW
TN1 A4 200 #k, 278N 200 MEHKXEF (K: 25cm, E#: 3cm), RE
RHRFMEEGHAN BEARAK, FEHE—KAR, #1200 #7%%, &
FENELEEHMEERRT R 1L, AEREHD, YEEFRER 1K, HH
MY BHERTIMFERTALREEZA, FHAEACRARE LR ERL. £4X



WL RS 4 #0018 X FoE ¥ crylCREKIBES RV G048 KA AN~ RiE it Rm

BLBRERERALE, HXANHUEHTHTUEE RDV 8RR R H 5%,
RUTHME, UHEHREFRBREA (KX, 2005) .

214 F orylC XEABER RDV ERR AR R EREHES

ARG ENAK 63 T TIC-19 ARBEZELE %, FETR-—EPERE
¥, MTEETRLAREERGEHEER (E£: 18cm, B: 50cm), %
BN KRENE 2h B CABA L, EMMERE20ANEL. RBRFH4R
2.1.1, EE&2. 4. 8. 24, 48, T2h /5, A HIE KL KRG HM L HE kK.

B Z RDV B9k 63 f & % RDV B T1C-19 4, B #BH % 63 o B # RDV
HIEA YR 63 4, i M T1C-19 fu &3 RDV B T1C-19 HW Z R A E R F %R L.,

2.1.5 # crylC XEABRYE: RDV EXN R CE N ERE N ER

HIRABRRRBUNTERNAABIAMETE-ERERE T, FEH
A5 RRENBR 2h WA CEABER R EMERE20MNEL, W20 5H#
ARBERE, THRAK TR KA LOFREMEIRASHIFREK, K
MR L.

2.1.6 ¥E&

B % RDV #9% crylC EEH AR B RARR A EEREKE, X
A DPS %31 8 # 4 #7 Student’s 7 test 4 % 2 1T 4L # v 4 #7 (Tang and Zhang, 2013),

22 HRE4H

221 ¥ oryIC XEXNR AR EHFENEH

AT oryIC EEAR TIC-19 REFAHREAFUERWE 2.1 7
T Wi RBAHWT4n: 72 h N, TRRTEERDV, B A THERK
RTIC-19 Fu sk RAK 3 WHRLEBURAEEUZR (p>0.05), ¥ Bt EH
FHRCEAMNRR LSRR A LENT.

BREUKEFERDV ERRF ROV AL EE T o, RERDVARFK



A N T e S TR0 B B ey CEEKRBRY: ROV IR CEBER ™ R SR IR

FRCEAAEEFEARE TIC-19 EXFK 63 Z B H A HEHE2.1).
222 &% RDV ¥ H AR L RSN PN

BHHAMRERDV 5 AR RDV ARBZ AR EEEERWE 22 T,
B RBLFTTH: 72 h A, TREEEEARTIC-19, EEFRFAK 63,
RERERDV M THCAHNRREERRH EFRTH (p>005).

W WEHK 63 F TIC- 19 RBAL R 4o, # orylC EHBA LW A
RSP E KR Y RDV ARG LR A &M #E(E 2.2).

OMH63 ®aTIC-19

72h (—— |
48h (— ] @
24h (—— ] P
8h [ I

4h ——— ]

2h (—— ]
72h I ]
48h [ ]
24h [ L] §
8h I ] @
4h [ I &
2h .

70 60 50 40 30 20 10 0 10 20 30 40 50 60 70

B 2.1 WA Br AR (T1C-19) EXFEA (MH63) HIRREHFE

Fig. 2.1 The feeding preference of N.Jugens between Bt (T1C-19) and non-Bfrice (MH63)

W EPREY T, »T HBRAERRAF W MARENFEERENF (p<0.05)
Note: In the figures, the data are expressed as mean (n=20). At the same time, the column marked

with the asterisk(¥) is significantly different from another one according to Student ‘s t-test

»<0.05)
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2.2 HECANREARE (Non-RDV) R B3 RDV A8 (RDV) WHR AR EFHE
Fig. 2.2 The feeding preference of N.lugens between uninfected (Non-RDV) and

RDV-infected (RDV) rice plants

W E PR N TR, R NRWERRAR M HRENFELREN (p<0.05)
Note: In the figures, the data are expressed as mean (n=20). At the same time, the column marked

with the asterisk (¥) is significantly different from another one according to Student’s test

(9<0.05)

223 ¥ cryIC XEXNB A FARENEY

B¢ B o Xt B KRS TIC-19 5 AKRIHK 63 SRt SNk 2.2,
B RBLW T TREFELROV, B CAEHEEARTIC-19 LWE
M REK, RBU/N R, TREKSEHEEFRAK 3 ML, HLEF
2R (p>0.05), ¥ crylC BEEXM TR CAHFNAEERRFLFHTH, FR
RAERDV FAFGEHHR AR L EE S FAABL AN NEEE.

224 B3 RDV R A HEREHYH

BCAM AL RDV 5k&L RDV ABHEFEBHE LK 22, Bt
Byt B CAMEERSE RDV B TIC-19 AR oY 48 5~ 98 F e %,

17



[ AN e S VA B8 ¥ crylCERARBY ROV 58 CRI R M= SRR W

SR E/R k. R EH S ARE RDV B TIC-19 ABHM, HLEE£R
(p>0.05). % CE AR RDV BB 63 ARG Loy 40 7= 97 iR 20/ 99 3% B £ 1K
TARBRRDVHRAK 63 AR, ExF THEFFINRYE, MR ERAEFTH.
22 WXEAREEER RDV KA, Br AR I T AN = F k%4
Table 2.2 The oviposition preference of N.lugens between uninfected and RDV-infected rice,

Bt and non-Bt rice plants

Tested material No. of egg mass/y Egg number/egg mass Total No. of eggs/>
MH63 4.3120.51a 5.86+0.28a 24.31+2.80a
TIC-19 5.02+0.63a 5.17+0.20a 26.124£3.61a
MH63-RDV 3.11£0.39a 3.41+0.16a 11.00x1.47a
T1C-19-RDV 3.36x0.48a 3.63£0.13a 12.37+1.75a
MH63 3.76+0.20a 4.99+0.23a 18.56+1.15a
MH63-RDV 3.80+0.32a 3.78+0.14b 14.67£1.63a
TIC-19 3.97+0.28a 4.3440.182 17.27¢1.37a
T1C-19-RDV 4.14+0.27a 4.30+0.18a 17.74+1.35a

i RPEEATFHELFER,

Note: the data are means+standard error.

2.3 itit

AELHPET BB $ crplC EEAEA K, B RDV fofd EARE
WA= NaFE, ERRAH oyplC EH UK R RDV ¥7 4448 AW
RRMFINEESFTEDERH, KL ALENERT . % oylC £ H AR
FERZRDVHEAT, T2 HECANRRMENEETY,

RTHEEARGAERFEREFETANEHOA — Lf#. FF%4013)
FHETRBREAEEEABS R CARRF T ANEH, RABAESEL
EARIHREE. FERERFPRABEEFAZ AHLEERZR, K K%
(2004) HBT 4% CE 2 SCK X HAXFKE R (MSA) Fusk orpldb £ H A



WL RER AR BB % crylCERKREL RDV S XS C R R IR E AR

8 (B1. B6) R& B FAXE LWRA 4T H, KA AL MSA # Bl,
B6 LM F R, FiaFufNESHEN S RAK 86 I EF 935 HILH L
EFZR. BERE Q015 HRT # cryldb/dc XE ARG “#HK 15" dER
FERRCARRFFFABUNTE, EREAB CAEFR 1 57 LRHR.
FRASSEREFAEAHLEEER . KAE Q01D 4477 % crylC T cry24
EEARYEERERR AN EDFRT, REXARMELAAF/N LR
WREREFABHLAEEEZR.

BT ARBEAREBERACTN (RERKES) BH, k&g
B TREFZN, TR Y ERRPEXELRFER Y ER
* (BRH%, 2003; BRT%, 1990) . LEZREH, #orylC EETRAR
BHER Rt BREEANRNEN, B oylC XA TABERARELEYRZ
TEETHHEFE—FRIL,

19



WL RSB 23 B=F ¥ crylC BRKRBE ROV SXE CEEYERHTERER

H=ZF HoylCXEARERRDY EXRCEEWFRERN
» A

AR HEALRLRY, 80%E A N B KRB RN B R HATHH
(Hohn, 2007) . M#FFEAR &M FZHYMERFRE = LN, AEa
RN E e UL RER A RN NGB R ERE B FEEWEAT,
MHFRESNEERZ B LEFHHARES Uiueral,2007; £F, 2010; Guo
et al., 2010; Guo et al., 2012; #J7)f, 2015) . ZEMFEENENERE RWF T
%, Liu £ (2010)# % 7 % B % # # ¢ df *1 % % (tomato yellow leaf curl china virus,
TYLCCNV)® Q B A A S E P, £REH: FMEESR Q AER
AERYE TYLCCNV WEX ERRJE, EFNEFMFGLERT. FNMEBET
AR SRBSDV AR ELBR)E, RAF4EEF4EE, FHELEFRD, #
BAKER, THHRTHE. AERKERARBKERD, Mot ot
(%EEE, 2013)

ABELRABLIWTEE R, T Br EEABE R FRFHIHE, E
Bt AFGHHELTRSREFERELHBNNYK. ZRETHRAEERAS
T2A-1 F TIC-19 /5, RF AR ERET FAF K 63 THHE, FH T2A-1
THERHBE R EEREERE (Lueral,2014), EARBREFTHA T E
B, BEFEME TT9-3 (& cryldbleryldc #F) BEEHE CARNERTELF
BT IR72 (RFW, 2002) . EABEFTHEN (BXAFERA), Br X
FC A cryldb F crylde £ H) R CA KA AT E L FRH (Wang et al., 2010).

AFREABEBEREHF (rice dwarf virus, RDV) fut crylC XFH & &£
RFNHEEEAFRLEFEENERFERBCANTY, BEKARR RDV
B, BERAABNEMKE B CANTH, AERLAHTHEEAXEZLET
Prit R bR .
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3.1 HREFE

3.1.1 #RE &

REABOECARXREEFEABARTARE (B, 2BEASR
FAREERAAE, REOXMERTEETRNEAKTRE LM TN AR L,
EoEF3RERERR. ERRAALHER 211,

3.1.2 BERARE

B AREA R A8 oyl C R E R4 = AR TIC-19 L 3F 8 4 [ 5% A vt B A
% 63 (MH63), XM MBHELEWNER, MEHRIEN, THEEXTM
ATRBEERR, £FEALGF 212, BEH A 60 AHBHHRBA,

RERDV AR &R Y 15 HELEW LR AFHHE, 258N C4%
SHARET (K: 25cm, ER: 3cm), % —H AR, REELFmEEY
AHBERE. BELFNENBLE ROV WERMHE 4~S a1 L, FES
EHU, BEBhEBETAIREEN, SABAL60 B, HHRDV ER
BHEHABRER.

313 HeryIC EFHABER RDV EX W KAR N EH

TR E A EEH K 63 (MH63). BEHHK 63 (MH63-RDV). f# & T1C-19
(TIC-19). B# TIC-19 (TIC-19-RDV), 34 MH, SAABLE 64N E
. 60 HRB 4 MNLEBRMARE RS, 2FBI\EHFEEAR BEAK
BIREH, SMRE—HAR, FBA24 D HHBCATEE R L, BAE
HERBREHD., BENEATIR CALBELAN R ERFERRL., &4
w2 RUE, ERMA, HoBAEMNLE ARG AL B H R =4 10 3L, #
EARE. ABREATREEA#T, £4H2.1.1,

3.14 % crylC EEABER ROV EX R CARALY EH

HF —ABRE RO ER R RTEY, FREHHHRE T, % —
A, BREBABEAERREFEEN, Kt Wail. £ CAFBENE,
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EXFH—KRABYE, ATHABEERAG T LR FRE, BhaRT, #
HEE, REAEHNER, EEHERT. FIMB 5AER, KBEFHE
£

3.1.5 ¥kELHH

BYAMRE A, F0E. WHARREERN ST RA SPSS kB —
WEMEA (GLM) 247, #—%/H Student’s rtest ¥ EF HHEH, #F
EXHERTHALE, £ aFEEXHA SPSS # ¥ Kaplan-Meier #7447, &
wkBH: AEHKE ). AREKE (1), $4HE (R, HRFHF
B (D)., #HEMEEE OD BHEREERSTET (Maia er al, 2000) %
H jackknif 77 % (Hulting et al., 1990) B4 5 1 SAS /%, *Firf o9 B #2047
a=0.05,

32 R 544

3.2.1 ¥ cylC EEARMER RDV EX R ALK R WP

B EABRREARFARABABELRKLERANLK 3.1, ZERFMAHE
AANECAENFSREHNE T TN L 3.2, ABER (Brvs non-Br) x4
KAMNFE. b 3 RERBAMEE I RBEL ZE AN A EEFRH
(p<0.05), B CARE Br ARG TIC-19 KA FEARAMH B 2 & =1, 4 BE
HE S WA RE SR S RN EFE KRR RS RDV ¥ TIC-19
RS RDV #7 MH63 WP 8. 3 WE B EREK, E I RLERBEFEE

(% 3.3, p<0.05),

RDV 7% (RDV vsnon-RDV) & €& 5 W& it s h BT HH %
¥ (% 3.2, p<0.05), #& CHA AR ZE RDV B MH63 AREJG: SVHH. 3 &
ERMEFREE, aBE Y, SHEHY. S#ERHBEEK, BRARR
BRI RDV M TIC-19 &AM JG: RANAHEERK, HULHLEFL K.

#oylCXH 5 RDV —H 564 ERB ARG, 38 M, 488
. SHERE, BEEREAHEAEEYH, A THUEWENFSKES
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B %% H(p>0.05),
322 ¥erylCXEABRE RDV EAH R KA XA EN

KAG et (Btvsnon-Bt). RDV 7% # (RDV vsnon-RDV), # cryICEXH 5
RDV — &S 6 HEXNB CAWF N EF BT EH. L+ RS RDV KM L # =57
EXETREAGLOFNE, EXALIEEFER, (ABRHAFLRENA, 4
BARBAW TR, R, RN BE R (p>0.05).
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# 31 MCEARBREKMBR RDV i Br A T1C-19 o ¥ & MH63 ¥ M AR W HM A KA EY
Table 3.1 Development duration and fecundity of N.lugens reared on MH63, MH63-RDYV, T1C-19, T1C-19-RDV under laboratory conditions

MH63 MH63-RDV T1C-19 T1C-19-RDV
Parameters

Mean+SE n Mean+SE n Mean=SE n Mean=SE n
Egg duration (days) 8.77+0.09 166 8.52+0.09 169 8.79+0.08 191 9.15£0.10 137
Eggs hatching rate (%) 85.22+8.54 12 75.47+6.97 18 83.46+7.91 14 80.99+8.54 12
Ist instar nymph (days) 3.00+0.07 56 3.14+0.06 57 2.97+0.06 62 2.92+0.06 63
2nd instar nymph (days) 2.14+0.07 52 2.26+0.07 57 2.36+0.07 61 2.36£0.07 61
3rd instar nymph (days) 2.29+0.07 51 2.07+0.06 57 2.23+0.06 60 2.27+0.06 60
4th instar nymph (days) 2.30+0.08 46 2.58+0.08 57 2.70+0.08 57 2.52+0.07 60
5th instar nymph (days) 3.73+£0.08 45 4.10+0.08 51 4.29+0.07 56 4,23+0.07 56
Total nymph duration of females (days) 14.22+0.23 23 14,5740.21 27 15.05+0.18 37 14.89+0.21 26
Total nymph duration of males (days) 12.7120.23 21 13.79+0.19 24 13.85+0.23 19 13.77+£0.19 30
Fresh body weight of female aduits (mg) 2.32+0.14 10 2.23+0.12 13 2.18+0.13 11 2.35+0.13 12
Fresh body weight of male adults (mg) 1.28+0.04 10 1.31£0.03 11 1.33+0.03 12 1.40+0.04 10
Female longevity (days) 16.59+1.91 17 22.18+1.68 22 17.50£1.44 30 17.58+1.81 19
Male longevity (days) 21.57+2.04 14 18.831.80 18 18.75¢1.91 16 20.26+1.59 23
Pre-oviposition period (days) 2.50+0.23 18 2.35+0.22 20 2.25+0.25 16 2.47+0.26 15
Oviposition period (days) 15.21+2.27 14 19.32%1.95 19 13.274£2.20 15 14.33£2.20 15
Fecundity ( eggs/female ) 232.64+51.15 14 327.26+43.91 19 198.67+49.41 15 262.40+49.41 15

H: RPEEHTHEARIR.
Note: the datas are meanststandard error
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Table 3.2 Variance analysis of factors affecting the biological parameters of N.lugens s

Rice type* RDV b Rice lines * RDV ¢
Parameters
F P F P F P
Egg duration (days) 13.76 <0.001 0.40 0.527 11.69 0.001
Eggs hatching rate (%) 0.06 0.815 0.58 0.449 0.21 0.652
Ist instar nymph (days) 3.98 0.047 0.55 0.46 2.20 0.14
2nd instar nymph (days) 5.58 0.019 0.88 0.349 0.88 0.349
3rd instar nymph (days) 1.20 0.275 2.37 0.125 43} 0.039
4th instar nymph (days) 4.68 0.032 0.33 0.564 8.80 0.003
Sth instar nymph (days) 21.11 <0.001 434 0.039 7.84 0.006
Total nymph duration of females (days) 8.36 0.005 0.10 0.752 1.28 0.260
Total nymph duration of males (days) 5.85 0.018 5.90 0.017 6.42 0.013
Fresh body weight of female adults(mg) 0.01 0.941 0.09 0.760 1.02 0.319
Fresh body weight of male adults(mg) 3.90 0.055 2.29 0.139 0.41 0.527
Female longevity (days) 1.16 0.286 272 0.102 2.58 0.112
Male longevity (days) 0.14 0.707 0.11 0.740 1.33 0.253
Pre-oviposition period (days) 0.08 0.782 0.02 0.890 0.58 0.448
Oviposition period (days) 2.58 0.114 1.43 0.236 0.50 0.485
Fecundity (eggs/female ) 1.04 0.313 2.66 0.108 0.10 0.752
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Table 3.3 The effects of Bz gene and RDV on development duration and fecundity of N.lugens

T1C-19& MH63 T1C-19-RDV & MH63-RDV MH63-RDV & MH63 T1C-19-RDV & T1C-19
Parameters
F P F P F P F P
Egg duration (days) 2.481 0.826 0.160 <0.001 0.358 0.045 0.150 0.005
Eggs hatching rate (%) 0.674 0.858 0.456 0.659 4,002 0.383 0.089 0.834
1st instar nymph (days) 0.003 0.754 2.853 0.004 0.042 0.146 1.179 0.572
2nd instar nymph (days) 22.224 0.019 3.400 0.309 8.242 0.131 0.473 1.000
3rd instar nymph (days) 1.906 0.525 18.233 0.015 19.907 0.015 0.504 0.701
4th instar nymph (days) 1.613 0.001 2.924 0.542 2.648 0.018 1.150 0.080
5th instar nymph (days) 0.044 <0.001 3.792 0.229 1.015 0.001 1.199 0.608
Total nymph duration of females (days) 0.019 0.005 0.026 0.230 0.140 0.325 0.115 0.551
Total nymph duration of males (days) 0.774 0.001 0.062 0.934 0.023 0.002 0.556 0.937
Fresh body weight of female adults (mg) 0.835 0.334 1.371 0.561 0.307 0.699 0.033 0.161
Fresh body weight of male adults (mg) 1.114 0.241 0.013 0.138 0.918 0.565 0.075 0.123
Female longevity (days) 0.013 0.700 3.141 0.075 1.014 0.052 0.634 0.970
Male Jongevity (days) 1.784 0.340 <0.001 0.544 1.245 0.262 0.345 0.580
Pre-oviposition period (days) 0.304 0.381 0.172 0.765 2.812 0.622 0.105 0.575
Oviposition period (days) 0.504 0.540 5.515 0.086 0.467 0.235 0475 0.683
Fecundity (eggs/female) 0.000 0.571 1.650 0.388 3.612 0.216 1.371 0.298
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323 ¥ crylC XFEABER RDV EXRCARF L4 RS RN

MF 34T UE Y, B3 RDV 83 crylC B AR E AR g
KE (). #EEE (R, BRPHFEH (7). HEpeE (DD, AR
KE () SAMHBREEMRA DEEHTH,

BRI RDV ARG LERENECARNERKE () WTHEAB LM, €
MATO, RARHKEE FAWMY, A, SREHERBLKEEAT I,
WHARAHTHEZEKSES,

EEMNFEEEENE 3.0, AEFTUEE, BRAKEE RDV AR
TIC-19 RAXA MH63 FHAWE WAL R EF MUK AFEER (P=0.146), I
MEZEHERFEELEELR.

BREARERL R AR RDVETIC-19 X £ A MH63 ¥ S EEEE
FHEFFENLE 32 ol 33, KEFTUEH, BRAETEABLELH
FREMEFELRRFHEFINEREHMUMEE,
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Table 3.4 Life table parameters of N.lugens fed on MH63, MH63-RDYV, T1C-19,

T1C-19-RDV under laboratory condition

Parameters MH63 MH63-RDV TIC-19 T1C-19-RDV
rm 0.2012+0.0025a 0.1988+0.0011a 0.2105+0.0020a 0.2004+0.0016a
A 1.2228+0.0030a 1.2199+0.0013a 1.2343+0.0025a 1.2219+0.0020a
Ro 92.67+4.76a 151.96%5.90a 119.18+6.25a 106.29+4.71a
T (D 22.56+0.37a 25.33+0.24a 22.79+0.26a 23.36+0.16a
DT (d) 3.44+0.04a 3.48+0.02a 3.29+0.03a 3.46+0.03a

All life table parameters were calculated using an SAS program written by Maia ef al. (2000) using the Jackknife

method. Mean %SE in the same row followed by the same letters are not significantly different at P=0.05.

100
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%
2 704
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— ~ MHB3-RDV
604 -7'T1C19
-~ T1C-19-RDV

507

T
10

Days

H 3.0 B CAKR AR R KRS RDV B Br AR T1C-19 o F & MH63 H# ¥ 778 %
Fig. 3.1 Survival of N.lugens nymphs over a 20-day period when fed on MH63, MH63-RDY,

T1C-19, T1C-19-RDV.
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Fig. 3.3 Age-specific survivorship (Iy) and age-specific fecundity (m,) of N.lugens reared on MH63, MH63-RDV, T1C-19, T1C-19-RDV under

laboratory conditions
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3.3 it

BHEZFREAFTUET OAKRBAEM G A LW F RN T, HRE
REWH, K& (Btvsnon-Bt) 5 RDV #&F (RDV vs non-RDV) X 44 % &,
WA E R XTI AT RW, EXECANERFEE, Blse, &
WEFHMEFBEADERF RN, ARG CANAGRHBLH ETUEY,
BREAFZ P AUREAREERN,

HIATE Bt A AR FEAEFRNBU LU T ARBHARELHN, TRAK
R A2 48 % BB R — R 2 R Wang % (2010) & 817 #% % [ A #3 Shanyou
63 (& cryldb #1 cryldc £H) WAKEH, B L ANAREKELSFHTHHE,
Chen % (2012) AR T % EFEAM KMD2 B CAAMF SR B BT E
W, SRR, BB AR B AW EANFER, TEE 4 MERRK,
WA TE i, BEEELLH KMD2 WA CARBTERL TR, Lu
% (2015) BEAKRHE, # crylC 0 crp24 £EARE (TIC-19 F T2A-1) A8
CAARERXTIHAERER W, XU AR ML T IR EEELTEEY
e BT Bt ZEM TR CASFHEFRERRAEENEN, HLTREHHK >
EFREE Br ZAEWENT SR R TR LE %.

HHEERZRGET, FNMABEEPNGCELBEERAE -3, WHASS
MERMEE 2 MRRENENME (Hill, 1987), HEABEES FENMEE k1Y
FoNTIHEAMBECAEENE L, MRES (2011) RIE CALRE
KGR FBYHFE (rice black streak dwarf virus, RBSDV) B ARG L B & F, #£
RHEEEMBAKE LA, KANRSE® SOD M POD %4 B ##%,. RBSDV
RLFRFENRGF CANBR 2SN THEF4E. A, £ AREHT,
R RBSDV #y A REH B T CAS B ¥ CARBKY X (Xueral,2014) ,

#oerylC EENFTH BB Y RDV BE TR LEHARREHR S
K. ERYF. ERUECENETE, ATTHHBHRAFWE W%, K%
BREW, ¥ oylCEEABRERDV GFont B KA AW EEEw
B, B oylC £EHF R % RDV BT &5 RARGA L KB F 4 R 8 E 15
wiH—FRit,
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FWE # orylC XFABER RDV EABNR MRS AT

R B E g B LA AT R A, A K U RN A SR A BT
REABE, SAEXEHEN, BRTFIL7ETMNRRS, FHEERANKE
AL FRER. RBATHEL, #TPEABRAI R LS BTN

(FHAT%, 2015, sk, BRA¥. BORA¥RRBWEFFHAFRA
BALR K E AL A MIFHF . Wang F (2015b) Bt EFEF 47T AR
ARG KMD2 5x Bz £ ARkAWLER, KAS L 5HMBRBANEERE
A& ET A, ARE B LOMS SATE REH: A THEERH, KMD2
ARG ko8] 7.8 (Indole-3-acetic acid, IAA). ¥ #/8 (Jasmonic acid, JA) 4
B § # TF, A8 (Salicylic acid, SA). 7 & % (Gibberellin, GA1). it % Bt (Abscisic
acid, ABAVA EE ¥ tt. i TERAARORLNMB IR ML EREY LFE B K
A, BARMES E R EEERETHMESS (BE%, 2013) . Kim ¥
(2013) FIA GC-MS EAAMAT T X HF PERARRBRREABHTHARA

4, AT AEENE. AER. BRAEES 2 RREASWEE, KA
HEFRAGEREAZ ARBHEERLAER.

BT EMEARBYERLS T ABALSAL, ENERORFEEANE
HARBERATXANEENEYR, EXWES W RAT U F E B RARA,
PN EAT A - LB, IEJHﬁ&%%ﬂl‘ﬂ?diiﬁ(EEW%E%&(E‘M%*&%, 2014) .
BERMYEL WAL e EHEL, TS TR ZZERZNHAFER SRR,
WM EEMPREESR RN, A ER A THARFRELR
MAaE, AKEARRETERLFREELRWHWE ML (Dean and De Moraes,
2006; Blassioli Moraes et al., 2011; Turlings et al., 2005; Schuler et al., 1999;
Hagenbucher ef al., 2014) , HERARAE.

ABEEZEEWRE Y, LREIAASRENERZEREL. % Bt £H
Fr e B TR AL 7 A2 B R ARG AR B W E R RN, #TTEBmE
BAEASRE. AR TETH oylC EEURAERSR RDV BIMET, X AR
sh A RMUEEMELYFENPH, YRERABRESH L ARBEMFRE.
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4.1 P57 %E

4.1.1 #RB %

ARTBRXFEFEABARARELE (FM), ZREFESRTAHE
BERAREL REEWRRTREZASHNARTREARREA TN £, %4
IR 3 REEA A RF A, @REMH 2.1.1, R RDV ARFH KR 3.1.2,

4.1.2 BHRARE

B ACRE ARy $ oyl C 3 ARG TIC-19 FodE £ % 5 3 A 9 1% 63(MHS63),
PR ARBHEBHBHTEERNER. B 1S BB AEWEY, 2B NARE
(K: 25 cm, Ef: 3 om), HE—HAR, RERAFMEENANBES
Wo HMABMBLARESEEEEL, $SHEEHEN 1 LRERDV H
RRHBASHEL, BRERASEEN | ARENERT R4S BEH, kS
EH0. HRAGHTREBhE, BERIALSEEZE, FESEABEAEHE,
RE—HANEABEARBERBA. BHE4R 212,

4.1.3 KB RMHE R

a) B 50mg ARt AR, WAEHE 04ml FEE-E 47 (3:1) W 2ml B
W, B2 ul ZHEE, RRES. WANE, EFEHN LS5 He
Bt B 5 min;

b) HELEETHONA, FQ 15min (4°C, 12000 rpm);

¢) ASHRBO04ml EAEHE, FEEE oml H#ME (FlRELEL)

d) EMABREAREERT —AFW 2ml SRR T, B BHY FE
A

¢) HAZRFETHE (30°C, 1.5h)

f) A 80 wl FREBHRAN (FREHMA, 5T 20 mg/ml), 80°C
# ¥ 20 min;

g) MM 100 pl BSTFA (4% 1% TCMS, v/v), 70°C % 1 h;

hy AHEFE, WA 10 ul FAMEs;
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i BA, LAk,
4.14 AMBeHE RBWH GC-MS BN

40 2 4 Agilent 7890 A AH 5,3 - ¥ AT A 8] i i# B Al (X (GC-TOF-MS), K
# Agilent DN-SMS £ 4% 4. GC-TOF-MS B & #H T

a) HAE: 1, THRESX;

b) £R: 4%;

¢) WHHDKRIFHE: 3mimin;

d) AH&E: I mlmin;

e) A iE:50°C &% 1 min, B 10°C & 4 #F 9 £ _EF E 330°C, /&4 5 min;

) WHHUIEE: 280°C;

g) WL RE: 280°C;

hy BFEEE: 220°C;

iy EEEE: -70eV;

j) HEFR: 85600 m/z;

k) HH#HHEE: 20 spectra/sec;

) AEFER: 366s.

4.1.5 AR A RWWE GC-MS ¥KIELHT

4.15.1 HEWAE

#| B LECO /A 8] # Chroma TOF 4.3X # ff 2 LECO-Fiehn Rtx5 database ¥ &
TR, R, BERE. X5, AR, %Lk EHE# T (Kind
etal,2009) . X FEBKBFHRAEMNAR M2 —FRTEMN, EL
V0 4 30 AR 2 B 00 4o 18] B vkt T SR AT R, B AR T — R IR R W
BEHRATIREMAE,
4.1.52 MR RH

#9 — 1B & B 8\ SIMCA-P+3 4 (V13.0, Umetrics AB, Umea, Sweden),
HTER RIS E . BERAFREFERANERS (PCA) SATH EAK
BHEAHAN, WREFRREARNNAER, REEIREANZRE-H AN
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(PLS-DA) M AFHARZEZRHTHNEFL, PLS-DA BAWRER 7 47
R #AT Y, RAERTEZ RN ZFE-H 54 (OPLS-DA) iLik#E
THRNERES, ATIREEWTHENZFERBY,
4.153 EFRWH W HER LT

ERUAMBIHEATAEY: OPLS-DA HA & — % % 4 # VIP (Variable
Importance in the Projection)ff A F 1, [F] Bt Student’s ¢ test 1 % = #7 p /N F 0.05,
A RATE ) £ F kX R B NIST Chttp://www.nist.gov/index.html) Fo
KEGG (http://www.genome.jp/kegg/) *t 3 F Xt #7890 ] fu i % 5 09 X %t 12 8
#—F A,

4.1.6 ABERWHUREER

RAGEZ W H K E S B Turlings (1998) # Lou (2005) B %, WEEE
ASMEEKABEHEARYEES, RENFHRX, X 10cm, HEH 55cm.
RERES HHAERFTR L), AR O EHBENTE, 25EREEENE
HRELRERARR, BEREWH NREEA, HA 0 FARBEYES, B
HELYHRE (RHA A Super Q, 80~100 ), HHWAKBLZE A
R & S S B9 B 1 4 F1%E 4 400 mUmin #7 300 mU/min, ¥ HE&
BRHEANFEALEREE, ABEHFEIREFAWELEL. ABELYES
WESh, EMCEABELS K. EAWHEL XA 200 pl EX CHCL # %
RIE PR R B ERT, $HEMEHE, KE20CTKE FHRAE, BRA.

FIA GC (HP-6890) -MS (HP-5973) Bt /R (U T Bl A 58 4L B 945 & 48
ARTAEEER, BA HP-5 BAEA (30mX0.32mmX0.25 um), % 4
ROoMER (E4%, 2009) :

a) #HE: 3ul, FTHRERX,;

b) #HA: 99.999% % H4 A K

¢) HARE: 1.0 mL/min;

d) BERAEEF: 40°C (2min) F 250°C (2 min), 6°C/min;

e) HHOEE: 250C;

f) R/ FigEDEE: 280C;
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g) HEHEE: 70eV;

It RAT R A R R R, S ER A A HATE
t, Bt SRR ERNYETRETNER, SELPEA) BN TR, ELE
KBWEL NS EE 7K SPSS o —HABER (GLM) 447,

4.1.7 AT ERAERE ERNE

W1 g ABERMASHERANFHRA, ROFE, %BE 10 ml & 3%
EAGBRAABERT; FRAHTES 1h /G, % 15min (4°C, 10000 rpm);
BB EH LR 0.45 ym B A ISR, KR EHAE RS AR, £HT
L-8900 AAM AN L #TEAERLBNE, EME 5 MNEH. EREAR
HkEAESRSELR XA SPSS R FH—REEMEE (GLM) 2#.

42 ER 54

421 ABRNLEES THITHH

GC-TOF-MS * F 4 M ARG AR Moy 4 ¥ E A 4.1, KA RZ 1054 4
e, A KR AR 2 ) A AL R xR B B R AT AR R AL,
BEEHNOAMERREE., AR5 REREERTHL, F34 HRBERE
45

AR 4 B4 TIC-19 5 MH63. ##& TIC-19 5% & MH63, &% MH63
5 MH63. #%& TIC-19 5 TIC-19 #TRBAF K4 H. PCA F R —H T
WA FE, TR REKERERHI TR A REET, AEHKE PCA
e EY: FERESHAT IS%ERRE, A—ANABERRYET, T
RAMAREHEATUHE ST, KASALRTWFEREATURAER 5, 7 IL#
T EEWAR - FRAEER (H42),

2 PLS-DA ¥ 54 4 B & e R K B AT 24, FHRATLHM, PLS-DA X4
B FER T HAXRIEHTRE, FALBRRERNLE 43, DTHARS
W, AT HBREMEEARREFHYE, Xt PLS-DA A #TERFFELAE
(OPLS-DA), ME 44 TUEHAAURFIHENMAFTALNL &,
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464007
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2e+007 g 1

1.5e+007 r 2

Se+006 ! g

Time (minutes) 10 13.3333 16.6667 20 23.3333 26.6667 30 333333

1: -MH63 (1~6) 2: T1C-19(1~6) 3: MH63EBYRDV (1~6) 4: T1C-19MKJRDV (1~6)

A 4.1 AR A8 GC-TOF-MS X % FHh &
Fig. 4.1 GC-TOF-MS TIC chromatograms of MH63, T1C-19, RDV infected MH63, and

RDY infected T1C-19 rice leaf
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Fig. 4.2 PCA score map derived from the GC-TOF-MS metabolite profiles
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Fig. 4.3 OPLS-DA score plot derived from the GC-TOF-MS metabolite profiles
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Fig. 4.4 Validation plots of PLS-DA derived from the GC-TOF-MS metabolite profiles
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4.2.2 ¥ crylC XEXMABRRLAEHBH

W TIC-19 fr MH63 KRB H L. Mt FE A MH63, # aylC X H
K8 TIC-19 4 9 M RMYAH EEXL (p<0.05), SAEELA, 4 MNEFT
B, K @ERL 2R, ANBR. B¥R, SEBEL 1/, K45,

# 3 3 MH63-RDV # TIC-19-RDV B & #: #* T MH63-RDV, &3
RDV # Bt A5 TIC-19-RDV # 4 42 f Rt % £ EF F L (p<0.05), 37 # &
FLAt, SHEFETR. £ 3 HEXRRALMNY, 3 BEHZELLY, 2
FFEREY, SHEA, SAHEE, SHENE, L4198 (H450E46).,

BRUBEAALBOZRMEY, 3HERRBMMES crIC EHERAL
EdMALERA, HF Lactulose (ALRH) aHAFEELE S LA, Th
5 Bt EHEHH A X, Glutamine (R EBE ) 7L EH Br A5 TIC-19 H & ¥
%1%, R F RDV ¥ TIC-19 # B % 5 % . Threonic acid (F#IE8) 74 By
Bt AR TIC-19 ¥ EF AR, EERSE RDV ¥ TIC-19 + EFHRME (K 4.1),

4.2.3 B¥ RDV M ABRRLFHEH

#3145 MH63-RDV f MH63 /5 X 3: MH63 & % RDV 54 #£4 18 MK
HHUREEEN, ONEELA, ONMNEF TR, LHAE 4 HBE, 2 HH
BRAEY, 3HFELGY, BAE. SHR, EEREE 1A, L6,

B A TIC-19-RDV F TIC-19 B X H: TIC-19 &% RDV E#4 57 #
REIREDERA, SHEL LA, RDHREETHR. R+ IORAEBREL
W, S HARRTE KA, 2HFFNAY, THEX, e BE, | HEHR,
2HAENEK, HM25F (H470E48),

BRURAALKEHERALY, 7THERRRWERS: RDV B F A 5 F
¥ A £ # X, Pyrophosphate (#8§8£). 2-Aminoethanethiol (£ % Z ).
Lactic acid (LB ). Oxoproline (£ R/ &8 ) AR A FLE 4 L7+,
L-Glutamine (£ &BEfE) 7B MH63 & ZF MK, EE TIC-19 v EEAE.
2-Deoxyerythritol (1,2,4-T =% ). Threonic acid (FHMEH) £ &% MH63 + § %
FE, ETIC-19 # BFEMK (k42),
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Fig. 4.5 The variation of significantly different metabolites content in transgenic cryl Crice

T1C-19 VS MH63 T1C-19-RDV VS MH63-RDV
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2.5% = FHENEY

LEERiIN- 7S
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u R
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B 4.6 # crylC XHEZ R R MMM L KRR
Fig. 4.6 The variantion of significantly different metabolites classification in transgenic

crylCrice
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Fig. 4.7 The variation of significantly different metabolites content in RDV-infected rice

MHG3-RDV VS MH63 T1C-19-RDV VS T1C-19
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= ENEY)
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Fig. 4.8 The variantion of significantly different metabolites classification in RDV-infected

rice
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4.1 % cylC EFTF RAABRBAH R

Table 4.1 The changes of significantly different metabolites in transgenic crylC rice

|°g2foldchange
Peak XL
TI1C-19 VS MH63 V-T1C-19 VS V-MH63
Lactulose LEE 2.12 27.65
Threonic acid AR 20.94 -4.70
Glutamine AR -4.08 25.26

% 4.2 B3 RDV 5} AR R WUk X 1L

Table 4.2 The changes of significantly different metabolites in RDV-infected rice

log,foldchange
Peak P4
V-MH63 VS MH63 V-T1C-19 VS TIC-19

Pyrophosphate 3131 3.95 5.87
2-Aminoethanethiol AELHE 4.06 2.11
Lactic acid sk 26.38 27.66
Oxoproline SRMER 29.06 1.16
2-Deoxyerythritol 1,24-7T =8 22.40 -2.41
Threonic acid PR 13 21.76 -3.89
Glutamine LEBA -25.57 3.77




[ AN 2T = VRS BIOE B cryICERKRBYL ROV JE KRS MYR 1R

4.2.4 RWAFEFR LAY RKERLH

BT B2 R AWE KEGG S 347 047, 2 b KWt ok 42l
R#EE, BRONZRUEYFE 50 RBEL LI, 4 M EEBRRHRET
F|®me . 7 TIC-19 A1 MH63 *f fL 8y 2 R/ 447 F, Oxaloacetate #7 L-Glutamine
FHERAR, RINAERMLERKAMER. & TIC-19-RDV 1 MH63-RDV
W+, Z£R44% Camitine. Glutarate % 5 88 B & #1442, L-Glutamine.
Creatine £ 5 &R MER KM EHE. £ TIC-19-RDV 5 TIC-19 By &,
EE O REERAAAUSRAEEEZR, AMZR A MY L-Alanine.
L-Aspartate . L-Glutamine . L-Valine . L-Threonine . Creatine ., Spermidine .

2-Methylmaleate %t % M S AR A B EE = 4 FH (% 4.3),

# 4.3 KM T1C-19 B3k RDV )54k py S XM A 1 % LR,

Table 4.3 The variation of animo acid content in RDV-infected rice

Amino Acid L& log,foldchange
L-Alanine ERTAR 1.88
N-Ethylglycine ZEHEAR 1.40
L-Valine HEAR 1.97
L-Threonine AR 2.74
L-Aspartic acid RALR 2.44
Aminomalonic acid £EF_B 2.10
N-Acetyl-L-leucine ~ N-Z.Ei#-L-Z £ 8 24.97
Creatine MER 235
L-Glutamine RS AR 3.77
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4.2.5 % crylC X FEABE R RDV GEABNER 247

i 3T 4 #7 # & EH RS T1C-19 fr A MH63 # & % RDV fufg BOR A T
RE AR, ENATRRABLES, £l BHALes (F44), &
Yoy A il b et B T EEF A 8-23 min . XFARINEWAEALE
#r, 157, BE FERMBEALEHS 1M,

AERBABEERYEERE, ABFERMHEERTRANER (R
45), BE X% orylC £ HE RDV FEFN B ENE LW WAL, # erylC
EEMT I8 HELAMHW L EHRAEFWHT (p>005), ERF RDV X
2-heptanol (2- &) Fu(E)-B-caryophyllene (B-F 11 )%) =4 T B & ¥ H(p<0.05),
TR ERAAYERYE RDV AREF B THEAKE. # aylC AFHKR RDV
BAEEREENTHEELDEEHRARFRH (K460,

$44 B GC-MS ERHABER WA LR £
Table 4.4 Compounds indentified in the volatiles of MH63, T1C-19, MH63-RDY,

T1C-19-RDV rice plants, using GC-MS

Peak Retention time Peak Retention time

No. (min) Compounds No. (min) Compounds
1 8.240 2-heptanone 10 20.760 a-cedrene
2 8.443 2-heptanol 11 20.888 (E)-p-caryophyllene
3 9.076 a-thujene 12 21.285 sesquisabinene A
4 9.249 a-pinene 13 21.497 (E)-p-farnesene
5 11.669 (+)-limonene 14 22.086 a-curcumene
6 13.260 (E)-linalool oxide 15 22.331 zingiberene
7 13.446 linalool 16 22.602 B-bisabolene
8 15.809 methyl salicylate 17 22916 B-sesquiphellandrene
9 20.484 sesquithujene 18 23.077 (E)-g-bisabolene
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¥45 & GC-MS £ R WABAER W4 &b
Table 4.5 The relative content of compounds in the volatiles of MH63, T1C-19, MH63-RDYV,

T1C-19-RDV rice plants, using GC-MS

No. Compounds MH63 TIC-19 MH63-RDV T1C-19-RDV
1 2-heptanone 0.91+0.23 0.81+0.42 0.92+0.16 0.83+0.08
2 2-heptanol 0.30+0.05 0.33+0.12 0.47+0.02 0.55+0.18
3 a-thujene 0.01+0.01 <0.01 0.02+0.02 <0.01
4 a-pinene 0.10+£0.04 0.3620.33 0.19£0.10 <0.01
5 (+)-limonene 0.20+0.04 0.20+0.09 0.19+0.02 0.16+0.04
6 (E)-linalool oxide 1.60+0.47 1.88+1.02 2.43£1.19 1.94+1.05
7 linalool 0.29+0.11 0.39+0.22 0.31+0.09 0.37+0.14
8 methy]! salicylate 0.1340.03 0.20+0.10 0.22+0.12 0.41£0.27
9 sesquithujene 0.11+0.03 0.17+0.11 0.11+0.06 0.12+0.03
10 a-cedrene 0.07+0.04 0.12+0.10 0.11+0.07 0.08+0,08
11 (E)-B-caryophyllene <0.01 <0.01 0.23£0.07 0.08+0.08
12 sesquisabinene A 0.3440.12 0.55+0.38 0.36x0.10 0.40£0.18
13 (E)-B-farnesene 0.23x0.07 0.36+0.19 0.26+0.06 0.40+0.08
14 a-curcumene 0.11+0.08 0.1540.15 0.07+0.07 0.13+£0.13
15 zingiberene 0.55+0.31 1.01+0.63 0.54+0.21 1.04+0.39
16 B-bisabolene 5.64+1.81 6.14+4.47 6.84+0.86 3.79+3.73
17 B-sesquipheliandrene <0.01 <0.01 0.060.06 <0.01
18 (E)-g-bisabolene 0.2440.14 0.33+0.30 0.21£0.14 0.25+0.25

E: RPEBAFHRARR.

Note: the datas are means+standard error.
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246 EGC-MS B HABLBE R R FT 204
Table 4.6 Variance analysis of the content of volatiles in MH63, T1C-19, MH63-RDV,

T1C-19-RDYV rice plants, using GC-MS

Rice lines® RDV? Rice lines*RDV ¢
No. Compounds
F P F P F P

1 2-heptanone 0.16 0.694 0.00 0.952 0.00 0.979
2 2-heptanol 0.41 0.532 5.60 0.034 0.08 0.786
3 a-thujene 0.90 0.360 0.04 0.852 0.04 0.852
4 a-pinene 0.07 0.802 0.88 0.365 2.56 0.134
5 (+)-limonene 0.10 0.752 0.22 0.648 0.09 0.766
6 (E)-linalool oxide 0.01 0.925 0.17 0.690 0.12 0.733
7 linalool 0.37 0.555 0.00 0.979 0.03 0.872
8 methyl salicylate 0.90 0.360 1.15 0.303 0.16 0.698
9 sesquithujene 0.22 0.645 0.21 0.653 0.1 0.741
10 a-cedrene 0.01 0.940 0.00 0.957 0.34 0.572
11 (E)-B-caryophyllene 1.56 0.233 6.03 0.029 1.56 0.233
12 sesquisabinene A 0.45 0.513 0.1 0.744 0.20 0.665
13 (E)-p-famesene 1.85 0.197 0.14 0.713 0.00 0.951
14 g-curcumene 0.21 0.655 0.10 0.759 0.01 0.946
15 zingiberene 1.80 0.202 0.00 0.982 0.01 0.945
16 p-bisabolene 0.28 0.605 0.06 0.815 0.55 0.472
17 B-sesquipheltlandrene 0.42 0.529 0.42 0.529 0.42 0.529
18 (E)-g-bisabolene 0.11 0.743 0.09 0.771 0.02 0.892
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4.2.6 ¥ crylC XF AR RDV EABA HAER AR EH

RMAFHERH, RRRDV EH Br ARG ARG A KB A8 5%~ & B,
Uk TREEARERDV, B XFH SFHEFEAABERANEE
REE (R4 BLREAFLMLB AR RDV Fo#t Br £ F A FABEAKEA
EREGEWTW, SRRY, % B XA TABENEER S ENTHRHL
AEFZR, UERFERDV LEE TN 11 BB LA XL (Thr. Ser. Ala. Cys.
Val, lle. Leu, Phe. ABA. Lys. Arg) W4 &, MEX 11 #EEB KA BELR
# RDV GHARBEAYATREABHLE, WRRRDV EEERE T A
HHEXEREE (£48),
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Table 4.7 Amino acid content in rice plants.

4 (uglp) MH63 MH63-RDV TIC-19 TIC-19-RDV
Asp 142.286£23.135  183.935+23.135  106.239+20.036  159.286+23.135
Thr 90.659+19.691 160.652£19.691  109.088+17.052  176.621+19.691
Ser 144.014+18.571  188.826+18.571  161.652£16.083  216.211%18.571
Ghu 287.509+60.978 380.280+60.978 298.339+52.809 191.462+60.978
Gly 26.859+3.578 26.632+3.578 30.1713.099 29.133+3.578
Ala 96.375+11.656 192.164£11.656  112.280+10.094  125.361+11.656
Cys 26.226+4.262 36.919+4.262 33.514+3.691 42.092+4.262
Val 14.860+2.457 25.59242.457 17.348+2.127 20.525+2.457
Met 332.581438.217  341.890£38217  367.295+33.097  311.576£38.217
1le 5.215£.612¢ 8.192+.612 5.667+.530c 9.044+.612
Leu 15.582+2.095 17.954£2.095 13.859+1.815 27.198+2.095
Tyr 26.524+3.563 25.70843.563 28.63123.086 33.962+3.563
Phe 18.635+1.687 27.7561.687 17.272+1.461 28.749+1.687

g-ABA 213.114£39.964  418.288+39.964  232.886+34.610  466.853£39.964
Lys 23.069+3.050 34.49743.050 24.039+2.641 39.4263.050
His 6.890+0.699 8.511+0.699 6.650+0.605 7.877+0.699
Arg 15.512+2.206 23.356+2.206 18.116+1.911 22.678+2.206

#: RPEEHFHEARAER,

Note: the data are means+standard error.
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4.8 ABEARERERITELH

Table 4.8 Variance analysis of amino acid content in rice plants

Rice lines® RDV?Y Rice lines * RDV ¢
48 (ug/g)
F P F P F P

Asp 1.835 0.209 4.468 0.064 0.065 0.805
Thr 0.814 0.391 13.008 0.006 0.004 0.950
Ser 1.567 0.242 7.636 0.022 0.073 0.792
Glu 2272 0.166 0.014 0.908 2.859 0.125
Gly 0.704 0.423 0.033 0.859 0.014 0.909
Ala 5.085 0.051 23.266 0.001 13.427 0.005
Cys 2.280 0.165 5.453 0.044 0.066 0.803
Val 0.294 0.601 8.547 0.017 2.522 0.147
Met 0.004 0.954 0.393 0.546 0.772 0.402
Tle 1.213 0.299 28.769 . <0.001 0.114 0.743
Leu 3.436 0.097 14.992 0.004 7.306 0.024
Tyr 2.255 0.167 0.428 0.529 0.794 0.396
Phe 0.013 0912 39.741 0.000 0.520 0.489
g-ABA 0.78 0.400 32.198 <0.001 0.138 0.718
Lys 0.998 0.344 20.612 0.001 0.449 0.519
His 0416 0.535 4.429 0.065 0.085 0.777
Arg 0.203 0.663 8.433 0.017 0.590 0.462
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4.3 itib

AERBIRNBEAFRERYEEUE, 94T BE RDV #1% orylC EH X
BREDAGEFRHE . BIRBAFLERTURD, STEHEFEAX
MH63 &%, £&F K% RDV & HT (TIC-19 vs MH63), # crylC X H X T
RBENR WAL ARE W RBY K AERFZ R, £ RE RDV F(TIC-19-RDV
vs MH63-RDV), H 42 #RBMKX4ET BFX . £ MH63 B ¥ RDV EF 18
FRM K AT, B TIC-19 B3 RDV BH 57 M£RAMY, HHAEH Br
XHfRE RDV ZFR—FHERWEWT, ST ABNRMEAFEMRHTAKA,
FAEERLENBHAATRATE —HEWR W, THE Br EEFRNEN
BB LA ROV AT, ARBERBBE 4T FH, FErbEAT
hEFREHTHHEEA NSRS ES.

EUGEHREF, FRARGALT R T RELHREEBATMNEE AR
RiM4 EE T, AR THEIABRREFAREREEAT
BERAL, T% (2013) B GC-MS 44T T A MFEE & X EH AB/H FRE
A TP309 AREM FZAMRBEAL ZR, REVTAMRBHLERMA: ELRT
Bl X & TP309 R#t#r 4, H 40 NMRBYWEBRERN, BEENAGAH
Wi kW BN T A KRR RBP M. Chang £ (2012) HR T # crylde Fo
sck XETREH R TUAREL, EREFAMBG A EFod g ERHRMAL R
AFNHEERE, BRENT —LZR444, ERIETMFENAXEE
BREEEXR, FEE X EEHENX AR EE 50 R " E K. Zhou % (2012)
RN T # cryldc Fo sck RERAARBRBRBEN T, HAALERKA, 4
REFRNELEAERBYRFENRE A FEEREANNEHEDF.

M 4 B % RDV B orylC R EHARE LW ELAH T4, K% RDV A
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A XTI A & FuAlHT K
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EMFLBEAEFERW, RAERXETATET — W,
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