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Abstract

Rice is the one of the most important food resource in the world. With the rapid

development of technology, we have obtained the transgenic rice with insect
resistance, disease resistance, herbicides resistance and/or quality improved
characteristic, and more and more people focus on the ecological safety assessment of
transgenic rice. The ecological safety assessments of transgenic plant mainly include
the effect on non-target pests, the effect on natural nememies and the resistance
management. The effeects of three transgenic rices on the rice secondary pest the
brown planthopper (BPH), Nilaparvata lugens stil, were evaluated, and the
mechanism was primary analysis. The results are as follows:
1 Resistance of transgenic cry1 Ab/vip3H gene rice to stem borers

Bioassay result indicated that the transgenic cryl Ab/vip3H rice lines G6HI,
G6H2, G6H3, G6H4, G6H5 and G6H6 showed high resistance to stem borers
including striped stem borer (SSB), Chilo suppresalis (Walker) and purplish stem
borer (PSB), Sesamia inferens (Walker). After 48 h and 96 h ingestion, the mortality
of SSB and PSB that fed on six transgenic rice lines was significantly higher than that
fed on its non-transgenic parental line Xiushui 110, and the cumulate feeding area was
significantly lower. After 168 h ingestion, the mortality of SSB and PSB that fed on
six transgenic rice lines arrived 100%. In 2008 and 2009, when the field test was
conducted under natural infestation, the G6H1, G6H2, G6H3 and G6H6 were highly
resistant to SSB and PSB, and were completely undamaged on all sample dates. For
the transgenic lines G6H4 and G6H35, their plants were undamaged before the sample
date of 8 September, while were encountered to a few damage with less than 4% of
plants and 0.5% of tillers. The Western blot analysis confirmed the presence of the
Cry1Ab and Vip3H fusion protein in the six transgenic rice lines. The CrylAb protein
was assayed to estimate the concentration of the fusion protein of CrylAb/Vip3H
expressed in transgenic rice plants. In the flag leaves and main stems for each
transgenic line, the level of CrylAb protein significantly changed with rice
developmental stages. It is estimated that G6H1 showed best resistance to stem borers
according TOPSIS analysis.
2 Effect of transgenic crylAb/vip3H rice G6H1 on N. lugens

The nymph developmental duration and reproduction was not affected by rice

type for 1%, 2™ and 4" generation neither in seedling or adult stage. Compared with
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fed on Xiushui 110, the nymph duration, adult longevity and egg production of BPH
that fed on G6HI showed no significant difference. And the field investigation
showed that the average density of nymph, adult and total of nymph and adult were
similar between the G6H1 and Xiushui 110.
3 Effect of transgenic crylAb rice KMD2 on N. lugens

At seedling stage, the nymph duration of BPH feeding on transgenic crylAb rice
KMD2 and its nontransgenic parental rice Xiushui 11 was significantly affected by
rice type and generation; adult longevity was significantly affected by generation and
rice type with generation interaction; egg production was affected by rice type and
generation. At adult stage, the nymphe duration of BPH was affected by rice type and
rice type with generation interaction; egg production was affected by rice type and
generation. t-test result indicated that the nymph duration was significantly prolonged
and the egg production was signifantly reduced when the BPH fed on the KMD?2 at
both seedling and adult stage. This result revealed that the KMD2 suppress the
development and reproduction of the BPH. The field investigation indicated that the
average density of BPH in the KMD2 paddy was lower than that in Xiushui 11 paddy
at all the sample times in 2008 and 2009. The average density of nymph and total of
nymph and adult showed significantly difference between KMD2 and Xiushui 11
paddy both in three sample times in 2008 and four sample times in 2009. By
comparison with the non-Bt rice, both percentage of tillers with eggs and number of
eggs per tiller in the Bt rice were significantly lower from jointing to mature stage for
the former and from heading to mature stage for the later. The relative height of
oviopsition on the Bt rice was significantly higher than that on the non-Bt rice at the
tillering, heading and filling stage of rice, while was significantly lower than that on
the non-Bt rice at the mature stage of rice.
4 Effect of transgenic cellulase rice on N. lugens

Resistance of transgenic cellulase rice lines (Z8-1.Z8-4.Z9-1.Z9-2. CBD-1 and
CBD-3) to BPH was evaluated using the Modified Seedbox Screening Technique
(MSST). All of the transgenic lines showed sensitive to BPH both at seedling and
adult stage, and the Z9-2 was the most sensitive variety among the six varieties.
Compared with the accepted rice variety that sensitve to BPH, the activity of cellulase
in Z9-2 was higher, and its non-transgenic rice line Xiushui 11 was lower. At seedling

stage, the egg production of BPH feeding on transgenic rice Z9-2 and its
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non-transgenic parental rice Xiushui 11 was significantly affected by generation and
nymph developmental duration and adult longevity was not affected by rice type,
generation and rice type with generation interaction. At adult stage, the male nymphe
duration and egg production of BPH were significantly affected by generation. The
field investigation indicated that the average density of BPH in the Z9-2 paddy was
higher than that in Xiushui 11 paddy at most sample times in 2008 and 2009. In 2008,
the average density of nymph and total of nymph and adult was affected by rice type,
and Z9-2 showd significantly higher population at three sample tines. In 2009, the
average density of BPH was affected by the sample time. And the average density of
nymph in Z9-2 paddy was higher than that in Xiushui 11 paddy at one sample time.
4 The gene expression profiling of KMD2 and Xiushui 11, BPH induced KMD2
and BPH induced Xiushui 11

The gene expression profiling of KMD2, Xiushui 11, BPH induced KMD2 and
BPH induced Xiushui 11 were performed using gene chip method. Compared with its
non-transgenic parental rice Xiushui 11, transcriptional levels of 324 genes in KMD2
were different, in which the numbers of upregulated and downregulated genes were
177 and 147 respectively. KEGG Pathway analysis indicated that the 324 genes were
involved in 18 pathways. And Go Ontology analysis showed that the most five
correlative biological processes were amino acid and derivative metabolism, lipid
metabolism, photosynthesis, secondary metabolism and response to endogenous
stimulus. Compared with its BPH induced Xiushui 11, transcriptional levels of 317
genes in BPH induced KMD2 were different, in which in which the numbers of
upregulated and downregulated genes were 124 and 193 respectively. KEGG Pathway
analysis indicated that the 317 genes were involved in 31 pathways. And Go Ontology
analysis showed that the most seven correlative biological processes were response
to abiotic stimulus, carbohydrate metabolism, amino acid and derivative metabolism,

nodulation, UTP biosythesis, CTP biosythesis and GTP biosythesis.

Keywords: crylAb rice, crylAb/vip3H rice, transgenic cellulase rice, Nilaparvata

lugens, safety assessment, gene chip
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7. B 2004 4, RE—LEHEFRKRERMFHRITHEOREHIFN, HEER
ARERW AL A, HERKBRABEXRSHREN, HAiHENESREHER
BREAMIFENES. HP, HERABHHERTSIIEFEFERNER
BRIEJERATIEMHA.

BYARTMBR —MEEEmE KB ER, WRTEKITRBR EEM
FEr ARER KB ENEES R, H 1980 £Uk, BYAERESERERR
52 RKBEAM 50%. BTREFENSE, RALEHEESWESET
BYARENESEE, REXBREK. TEEEKBRESTERCAE
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BT KEE LR il

RIIRBFARANESHS. BYAELRBXFEREIR, FAHRESR X
PR B S — BT LU TRV 048 R R PR L KB O 1 A Tl A

FIEf, SMNEERBEAZEYDE, TRISENHEMETERW, &
T Fe AR BUAR B A=A T R B . BT LA AN R BB R BUR A SR R
VERAREEWERFRAERRINFERBA BN FERBBNERE T —EH
A, FIE A R E R SRR ENEEREY SHREZ S TERRAE
ERMNERZEY S BRZ FGOHEERPERE T — fE.
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% HERKBERHRZENNRER

KBEHR LBAEZNREEYZ—, Bid s0sitt RAD (RERT 30
ZN) TEAEEEDHUREK A R(FAO 2008). BEEHRAAKAEIEK, AK
MEYHERBEREK. DAITMADHKER, B 2030 EXBBETE
40 %% 0 (Khush 2005). ZERYEF ERRKMBKREFBRHERE, BIE@R
AMEAREEN AR 23%/ 37%. ABEREF—KAREEY, HE
BEXFRENBEEY, LEERHERASEERTEMEEREN 30%,
EEASBREEERN 40%. AT, KBRRARLREFRNKBER (4
Scirpophaga incertulas. —ALIE Chilo suppressalis FIKUE. Sesamia inferens) %]
REFEYM T ARRREZ R, RETKEE~EE BEERMKBR
AAFEHEIEARKEL—. BEE, 2GFEERKBIE SRR EERE ™R
RATE 100 LA B TEREHKBERNAE, KPURERZHEIIRAR
W HRERRETEIERENERY, LERRBE™ENRARE SHEIS
%, RELAMEE.

MEEEERANHHESRE, HEN. BObBHKBERNLE, BN
HEANFRALGIRE T RIUAF R Bt EHEKEE (Br KFE) (High et al. 2004,
Chen et al. 2006a, Cohen et al. 2008), HHIEHNEFHRBMNER, BRT RIEFH
FAEMBMER. B B KRB BT RS ERN TR, FHE
Bt KBS, Tt RAERBRD 80%, RARAF XYL 87%, FFEHMN 6~9%,
17 L BT 38 4 R 2 X /R R A A T % W (Huang et al. 2005, 2008), #¥ AFE 1.1
(LK TEFRHEL P A5 R TR AE 40 {23 Tl 25 (James 2009).

B BKEEESRA, BERFEERENESRR, WmERER~E,
EERBAGR. ZWEYSHEA ELFEYHERE.



AT K% 183 % HEEABRRESRENHRER

1.1 % Bt ERARBRAESZEMALE

1.1.1 Bt KRB SRR

BEE7E 1993 45— Bt B EKBEFHIRIILLRFujimoto et al. 1993),
sk 5 [ Bt /K R4 AR T 4L(High et al. 2004, Chen et al. 2006a, Cohen et al.
2008). BIAREREZFREE), FiX CrylAa. CrylAb. CrylAc. CrylAb/CrylAc.
CryIB. CrylC i Cry2A BH LR FERIE Crylc # Cry2A BAKIHER KBS
KBRS BASHER TR AKBNSHEEFEERAL TREGK LD,

% 1.1 BHREANE Bt EEAR

Table 1.1 Transgenic Bt rice have been successfully transformed

Transgene Promoter Cultivar References
cryldb HEE b BB Nippobare Fujimoto et al. 1993
crylAb CaMV35S IR58 Wiinn et al. 1996
cryldb PEPC Tarom molaii Ghareyazie et al. 1997

crylAb, crylAc Ubiquitin IR64 Nayak et al. 1997
crylAb CaMV35S Taipei-309 Wu et al., 1997
crylAb CaMV35Ss Vaidehi, TCA-48 Alam et al, 1998

Kaybonnet,
Nipponbare,
crylAc Zhong8215, 93VA,
” Ubiquitin & Cheng et al. 1998
crylAb ZAU16, 91RM,
T8340, Pin92-825,
T90502
IR72, IR64, CBlI,
Taipai-309,
CaMV35Ss,
. . IR68899B, Vaideh,
crylAb Actin-1,pith Datta et al. 1998
MH-63-63,
tissue-specific, PEPC
IR51500-ACl11,
IRRI-npt
cry2A CaMV3sS Basmati 370, M 7 Magbool et al 1998
crylAb CaMV35S8 IR68899B Alam et al. 1999
crylB Ubiquitin Ariete, Senia Breitler et al. 2000

crylAblerylAc Actin CMS restorer Minhui Tu et al. 2000




WL R # W 483 B HREEKBREESREUTALR
Transgene Promoter Cultivar References
63, Shanyou 63
crylAb Ubiquitin KMD1,KMD2 Shu et al. 2000
Maize proteinase
crylB Lo Ariete, Breitler et al. 2001
inhibitor
crylAc, cry24 Lo
. Ubiquitin, .
Snowdrop Jectin M 7, Basmati 370 Magbool et al. 2001
CaMV35S
gene
cryldc — .
Ubiquitin Basmati 370 Ahmad et al. 2002
crylAb
Pollen-specific, . .
crylAb Lo Basmati 370 Husnain et al. 2002
Ubiquitin, PEPC
IR64, Pusa Basmati-1,
cryldc Ubiquitin Khanna and Raina 2002
Karnal Local
crylAc Ubiquitin Elite Eyi 105, Bengal Loc et al., 2002
Ubiquitin .
crylAc, cry24 Basmati 370 Bashir et al. 2005
CaMV35S
Ubiquitin . .
cry2A Minghui 63 Chen et al. 2005(2005b)
CaMV35S
crylAb-1B Actin Pusa Basmati 1
. Ho et al. 2006
crylA/erylAc CaMV35S Tainung 67
Ubiquitin .
crylAb P-1,p-1I,P-1l Kim et al. 2008
CaMV35S

Bt KA E (55 B 475 1998 #9°7 E FEE(Shu et al. 2000, Tu et al. 2000, Ye

etal. 2001b, Ye et al. 2001a), S8/ /LA Br K& i RAT T B RHUEHY 6 R
(Chen et al. 2006a, Wang and Johnston 2007). Br 7KF&f) H ] L3076 B 2K
(Bashir et al. 2005, Mahmood-ur-Rahman et al. 2007). FE¥E7F (Breitler et al. 2004).
{785 (James 2005)F1EN A (Bunsha 2006)th 7 7B . MRS RS, B KRR
EhAFRENTNE. EFEFBRHKETRTRAMELAKEEL, Br K
FEEER /D A B A ORI E AR 6~9%K) 7= B (Huang et al. 2005).
BAEXEDS 3 BRARER EHE KREAFHELL, T B AREER
TEE—AERE L. 72005, FEIETIET 4000 A B KEEA LR 78
wr (EBAT R ARk (James 2005). 2009 £ 11 A 27 H, FEERHEF
2 % Bt KBAYRLEH, AFHENILE S EHEEHRR. XRENASF
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BRI M 24 (James 2009) T & (R BN B — AW BOKRB R LALKIE
io

1.1.2 Bt 7K &% JEEE R ) B

CETH, L#HE 70 ERENMFERBFNSIN, FENBEAFRNERE
BELERBERTRKERNENH, SATREFLAHARE, W LA
(Matteson 2000). EIHH, AMHATREZHHRRETHFANEFRHEN
BEERSHER MO ERIRBAARSERANRRFAELEBAT, EYHEHNE
TR IR BRIy T AR RN EEM U R ST FiRER
R EEREFD WIAFBINER, & B KEBRZALANCHES
2EMHTRANHR. BT, % B KBEMERERE. HRE. FEEN
4 )(Chen et al. 2006a) LA R AEY) (REEHSE, 2003; REEFE, 2004) FF
BT EAREENHR, BEHITTEASENHR. B&ER, B KRR
JESmAR A MR 4 4 T W (Chen et al. 2006a), iX 534ty Br fEYIMBT TG RAB—
F(Romeis et al. 2006).

1121 R¥

AT —, S0 Bt BN EBRAMRENFER, BKBYREH
BHEEH. EXES (2004) il YRR BUR R oyl Ab ERKE
B F RN E K S RANF ERAME RER T XL sck +cryl Ab
EEABEN SO SR E N, RSN T ERERERTHE B8,
WEBEK TR, EREERRGNFRARR B KBERRILAEZ W,
Bernal et al. (2002) R ZEEEHNATE B KB LAFRMB CARRAR
FEmW. HUK, SPLERiagBaRe B KBERELEEYW (Bai
etal. 2006; EFETF, 2005b). TIspH#ER LI B KAE LIRS HR AN R H
FATEM. Bix SRRk RENE RAERNEK. FENREFAR
B B KR ENEREZLW. KEERT, (Schoenly et al. 2003)iREEME
¥ Bt S AUTE A0 F S AEGR B R R R ERTEW. B BENRRSE
(5 Bt SRR AL, XIS (2002) BIFUAT Bt A RBEL S
WM B A LR BERR. RS EHNHENEE 2 FNABRAER
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B Bt AN EHENSRTEEEYN. TENHALEERY B BEPHFE
BHHRENYHEZE. SN, DOEARAE SN RALE+HELU, B
KB RBAFEERE R EMAEEE (XEWE, 2003,2004; Lietal 2007,;
MRS, 2008).
1122 FRIFERE

20 #4270 ER BT/ EHA SR EAERCARRER, BAERENF
FhE, THARTENSES. Rk B KBRFEFEEENFRAIERTE
BYA. AFCE. BRI - SZEMH#,. Bernal etal. (2002) F Baietal.
(2006) #iE@it ELISA ZE®/ CEGEARIME T Bt A, 1B B KB EHIE
AEREATEW. EL% (20062) FRARABRAT CAE B KBLRAH
MEKT 12 K, EXRFRTHRFEENEW. B CASBEMER B K
A EABIRENZRERE LORERENER (FR%E, 2005). MBS
(Stenchaetothrips biformis (Bagnall)) 7 6 # B KT8 MR B 5X AL AR
B)mE, MAFPHIPEEEK, BF-RENEEEE T EAkhtar et al.
2010). '

HENAEERSENNTRE RN, EFEFRNNN 2 FHX 2 f
BB R E A CERM R R A 4 R R BRI B R E A G A
ity FR BB A 555 2 F2(Chen et al. 2006b). ZEJEHR I, Bt HIIALEHREEPH
& EFI i R R 2 S Bt R [ th R R BB & 2 ((Schoenly et al. 2003). Akhtar
etal. (2010) BT PR BIHENREERAAET 6 # B K BREETREES
MFBEE, 4R%Y9 B BENBASNHHTEEERERTHRARSZMH
B, #A B KREFIAMER ST BB D MR R R T —ERMHIER.
1123 THEEY

T RRE MR RERBESRATNET T EENAR, TIIES
Em B, BHROT LUK T EMREYE S AN (Brussaard 1998,
Haimi 2000). EBFE (2005) Z£ZALL Br KT (KMDI1 F1KMD2) MIREZ
MR SRR A BkS (Entomobrya griseoolivata) FHRIE) T HEK CrylAb
FHEQ, BHABEEHXARBREKARSMGEBR (Bourletiella
christianseni) ) Bt BEMEEEEERTHM R, ARAHAMRERBEKA
B AR Bt 2 R e KRR IR AR S A R R T B RARE,
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KRB K AR RE B BRETHHBEEEERTHREHE:, mEKBEE
SRR A M RE B ABAM K A B R, R B R. BRABR (Hypogastrura
matura) FEHBEH (Isotoma monochaeta) % 4 Py M, b B KFERHET
BRI K AR AR AN EE R EER T REE (BRTH 2006).
4R 2 AR ERES RERRERR AN EEREFHMME L M2
B, 8 B RE AR EZ FRE B & ZR(Smith etal. 2010). 2 FHKH
Rt R, #EBM 3 /M (Scatopsidae. Sminthuridae 1 Tomoceridae) EAK
BEAEHEE B 1Y 5 4%} (Ceratopogonidae. Mycetophilidae. Phoridae. Psychodidae
F1 Scatopsidae) B S B FP ¥ 4 B 7F B AKREAIRS M2 fA] 44N ARALC X 84058, 2003)

1.1.3 EEEZEH

KEHFHFERMUEE, BFET 10 HARKERAXT (AA. BB, CC.
BBCC. CCDD. EE. FF. GG. JJHH 1 JJKK) (Ge et al. 1999). RRZEHEARX
Mk MAHHEMEERERS. TMHOREKRE (0. sdiva) BT AA
B, RETETARET, &ENELR EHEGER MKEN, RNbEE
EEKREHEEMAM. Naredo MFFARSE AA BUKBEHZEEARBRNER
FotE, MIEAZATH F1ARERE BN SR ENEN 3 ERARS ERF
(Lu et al. 1997, Naredo et al. 1997), Xt R, #H KK £ ETREELEL 1
MR R 2 R, FREFETRAIOKRES. Eit, KEHKBS
AA RUKTEZ 18 o KB VR R A4 R

BEERT, REKBOEEENEEEHE, SRENKBZERERER
N JLZIEEE, —IRE] 1%. Rong et al.2007)7Ex ZH—+HRKREMH T2
R A AR MERES LR RETRNAL®R, HFE 02m B
BRT, %1% 0.028%; 7 6.2m it /T 0.01%;: TIZE 10.2m F L% 0.0021%.
752 R 5000 T B 5 PR B R R K A D AROE A R B R KRR R E
M JLE H 0.05-0.53%(Messeguer et al. 2001). FiT, EHERLRMRY,
FibzE A ARMHEOEET, TREFMNZARN, HiREROEERKRE
HAGEMIESRE AR R SR EB 0 LESRIE, WRET 1%. X5, HE

AR AT N 0.275-0.832%, TEHMAMIZEIEN 0.05-0.79%(Rong et al.
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2005).

2% (UFS, O. sativaf spontanea) EXBAMKBEFEHEL M, ER
BHKBETR—AEDH, AEHERNEETR. 2003 5, Gealy et al.(2003)
[ T 2 BUHI AR K RS M AR B REB R, R KBRARRN R
% 0.01-1%, T EEFRETUNREKBRREES, ©TUNRRERREK
BEY. EPEASERMRETAT, REKBRABERESHLEFRSE
B, 414 0.011-0.046%(Chen et al. 2004b). EERF, XMHEFZBEH
SEH L% KR 0.036 £ 0.006%(Messeguer et al. 2004), ZEEEH, HRALERKALR
At 2 RARMKBAMAARENERES LEEGEEER, NI VLR
BAE, 25129 0.003%7 0.008%. EEEHEERERE Im HEE, FETE 6m
Rt R, KEEAWREAE 170 BHZTFH(Gealy et al. 2006). Zhang et
al.(2006)iiT 3 ERFALBE TR LEREMMER, FLBIIREHF %
RRREETRENEFRER, Bk 3.2%. R, Langevin et al.(1990) 7 &% HL.,
RERPBUABRATAAE N, MATHHENNE, HAOSUEREED
RERETRET 52%. MBEHHRER, BARTABNGEHRET REH
i, ERSEXZBEHERRBYEETUEH LN E AT — B (Zhang et al.
2003, Gealy et al. 2006, Shivrain et al. 2006), XA Z W EF N ERE BN KRG
R,

B35 (0. rufipogon) RAELEKNHEY, AN EENBRWRREE
B2 4IRS, Song et al.(2006)iEid SSR FEX B AR BREZH T
BEECERESER T REKBOER. AN, C2FWARR, BEKER
HRMREEREBHLEZEXAARTRAMEREEREBHOLE, F£0-Imi
B ZE &L 11-18%(Song et al. 2003, Chen et al. 2004b, Wang et al. 2006). T Song et
al.(20042) B MM T AR IE 2.52m/s BIFRET, EREEEERN
38.4m, TIZE 10m/s BIRGE T, EMTLUEEZ 110m &. BAREKBRERE
RERFEBNLERH, TEIRERORFESREBOEFRTEMAX.
EEF—ABITFH, HABERN F EREEMBRAELENNEES. R
7= B R 5 F 7= B A8 B fK(Song et al. 2004b).

10
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1.14 Bt KFEHEEE

SRR BN B EYREE R A ROEHEFER, EHRTEXH
 BERAESKN. R, Bt EYNTIEEE— B RSB EI BT TEE MBUF
SN RNAE. BREVEEREHTERE RAN B e~ i,
{BLLERERBIDMIIR (Plutella xylostella) (Shelton et al. 1993)7E H 8] LL BT
B (Trichoplusia ni) (Kain et al. 2004)ZE B NAL B RHEEX Bt RE=E T ik,
EE R ER B EMP= AT . TER B it B R 2 B 1)
AT U4 R R A KB (High et al. 2004), XA AIERMIRABAERN . £ EEMN
RERSAgERRERAREA. EXEKRD, REGAEEERSE LK
EERMER. BARMTAMERNA. EXEEE, BrEY (B HREMBE
X) MEEERAE B AEI R B R B R R KERMIE B WO RET BT L
EE Bt BRITE, EFE, BRAWETKEN B EERRERT .
FRENGHETEHRT LTHARPFHE, EXRRFBITRERZBERE
BEPRREATITH. FENR, Bt BEMBREEFHRR R (Helicoverpa
armigera) R Z &HH, EREIE B MK SRR AT LIRAT AP AT I BE
(Wu and Guo 2005).

KIER SR EEE B KB EE LERR—T 0Pk, Xk
RAFRENRTEORITE R (S 0IE) B3R5 KR BT LUK B
BTSN RBERHENAREAT. XRENRE—H, KBELAH
HR BT LM AR FHEBUEERERERF AL, 5 B B
MEFERFERRALRAR, B KBHNEEREE R =AEH _ER T KR
SRR BARTT A B0 A R F Y. BRFREV TS IR NF
FH 6 AF 41 BEY, Ed—SHARREHRRF 9 MEYTED —HE
K925 ¥ 387 B1KRI54E (Cuong and Cohen 2002). RE—RXMAFHRT —
BREFEMAAMBEHEFEREROTHE —AEEENTFEXR (Zizania
latifolia), &7 BFAE{B 2% B0 B e A (Hachiya 1981). ERHFIEERY
KIS BEAE (R BE Y — (45 184 75 4 54 K8 5 (Konno and Tanaka 1996), iX#§
KA G BEFT RN ANE. HRETRIENEFFIRES B K
BELEEEMEIE B KB ER. RAENEXEARESEENKT
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AUEARTS AU ERANRBERMFEE. RS SNRTE TR M EER
FHSBERETUKKERNHASHr-ENAR. B, B KBHRRES
REBEAKNGET B EX, BR B oKTE H AR LAA RIS HIEEIRE REERIA
BIERBEHIE. Bk, Cohenetal. (2000) B TREANHEENEE, &
BEEAKBAERR.

BERUAAMARRSA, 4 B PP EERAFRRRNHNFEES
HER, HEERSEGMETLEMMIEFFNERT, SEERE B 4
AT UL S A T it B A7 4 (Zhao et al. 2003, Zhao et al. 2005). E &
EHRE CpTI M oryldc ZEE B KBHEF T (RAEE, 2004), MRE
Cry2A A B KBEHRSTHERE T REHE crylA 7 cr2A ERKBE
ARG R 152 B A 5 (Chen et al. 2005b). KRR HIFHRKEE L K%
fFraEAER, MRATANERAS, RKEUESBIEARCENEER B
AKFESR S5 T H MSRARE B B = A AR R, X B RARR Br KRR
5% B e U B SRR (BT A7 6 o

115 Bt KBEHRRZE

FESERAEENEYRATELE 100 ZEHFE(Nester et al. 2002), E

C AERSTBUR AR B ILE O R TR . A RB# (Betz et al

2000, Siegel 2001). EEMERYREASTERRKACLEMOEEREDIANE
% E RBUHAEF (Mendelsohn et al. 2003). i - E xS St #E R AL A R AHA
(BERE. BAK, #i. BRAEES) UREMES DR TR
EREY (BERE. KE. EXABR) HRAZLEFN RN AR
REMERS (X%, 2009). SHEADNAMEERKEBHAKR, HILE
AR MR EMNEADNARE E F(Beever et al. 2003). MRAHEAEX
MON 810 (Monsanto, http://www.monsanto.com) ) T K AR MR T 5 X X Bl P
BTN, REASEEMELDNARCrylAVEB A A+ 5% HE
(Jennings et al. 2003, Reuter and Aulrich 2003). H—HIRFTRAERABEK
HEARERAAEATRERMBEAREXRSEE M EE A B Reuter and
Aulrich 2003). M{ARBERMPFHH AT R, RADFBRNELDNARR

12
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(<200bp) FETFIHEF, HEAR P HRKAELADNAK B(Einspanier et al.
2001),

FA% cryl Ab R B Br KIBFAME/N R 90 X, EFI% 64 ARBRETR/ARHAE
ENHIET, RERADRETATFOZHE, MEERE apd ZRKBHA
118 2|25 BL 9 45 R (Wang et al. 2002, Tsai et al. 2008). 7 Br K KMD FIZE AR
B Xiushui 11 LA R FEX Jiazao 935 FE R & R 4t B6 (LL KMD AW {k) 2 [,
Bt KBEHEFEAEIEERRS HEA, AR, HERER SRAINT
YAE) MELERFARAEEER. BREXKTIRMEEHELEN
CrylAb & A, BREARLKRZENE Bt HA(Wuetal. 2003). ELH B K
BRREHGAZKBOEELREERTH, BRELRHRETURFEKBXIE
A EHENE, ERE B KB (KMD1) SBEHFERXMEKRE (Xiushui 11)
MEMREDIERR A TN (FKR72E, RERREE).

1.1.6 Bt KFExT R P ERGEKN W

Bt KB HEERBERNBNFTELRRFERAREFSE . Huanget
al.(2005)FF 50 & e B S H UK TRIR F AR LR AR Br KSR CpTI KAERY
RPTURBEENTE, BORAHENRBELORE. MRE B KHEE
Wi EBRARNER, B4 B KBERIRSER &R, B2, ATH
BEBENROTLEN R BAMER, EZHXT B KBHEERESNM
#KR 7. Huang et al. (2005) % Bt KEBAMESKBERRME BEFHITHE
B R R B R E A B0 BB AR TR PR R AR EHER
B AT R TR s T RERE A1 & mMENZ B KBNTEE
s o2 > R 251948 F (Heong et al. 2005).

Naik et al. (2005) REZEFHRBRIE, —& B REHFHEEHFRE R
LB RHHERBASARIN I, THRENHIRAREBRRZ I
BENFRERLEBOFEFERR. MR B KBEELARARE, FER
P RAE R AL B A R AR A R R B KRN R
— AR, TWETEERFSM B OKBREZRITUMR RN T # B
KEBR T REERATH & SRR AR, EESHRFPSETIHLRS,

13
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Bt KABHSFAL IR M 8 S A U P B R D AT LB A4S S TR
BRI EEETF.

XBARPHFADFEANREZIMRINRZ RYHRERIHRERN
FHERRANEW. B, ATRPN B KBFREALBORERLALR
ReAiI% EAERA B AR P RITHE B REAR KRR RRBRREREN
IR

117 4&

Bt TXH B I EMBEKKAY, BR B KRBREHER—KRIHHIIH
B3, TS —EHARRSR. VIFPHERRY B KBEEYBHA
HEOREARE, EEAAEAKBNFRERHRT. B EKM B HIeh™
BRALRENEMETRTRENHR, W Br KBERHZENFFET R
8/> (High etal. 2004). B KTEMITIMEE BEIAREIR B IR IETHA TIE R F
FENRESFFT, BRTRGE—EERN B RIER B EXBHERELBAMA
AR T, B KBHAREASELERTHABN B Y. BE, BR
M B ATBRR P AT LIED R BAINE R ERKE=BORE, BRDTES

L PEMABRFNERAEFEEIH—SOFIES, KB ERNEMER Br
< MR,

BREE &ML, BVSHRATES B KEERRRIR T BX RN
AEREHZEYW, M AREERRR B KFER? REBENRERRHH
ZHEZENURNERABNER. KBINETHEEENEY, AREd
EA—F XU R EEBATH, BT B KBHBHSAR—LREH T2
E%. —&Ex i 0BhE% S nENTHEZEN, —8B B KBERK,
Bt KRERUEGUKBER S RFE—R, MTFHOBFRERKRR.

REMRE, REEER A0 “BEERK” BT ETURBIILERARE
TR 35 —/MBR 1 (% 25 (R K F(AL-Babili and Beyer 2005). 1SR B & AKAERL
DN R ENEGTGER, B T2ETRE B KBERRMRE. T E
R BF 2000 ¥ HM B KBEBRRTEWZREESP
( http://www.stee.agri.gov.cn/biosafety/spxx/P020091127591594596689.pdf), X &

14
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BT HEEEN B KRBT — SO E R, MRERTRRAYE—A B
KIBRRLAER. Kk, X B KBEHITHEN. KPNRANESLE. Hitk
EEARHZEN THECIHAER.

1.2 BAERBEREYNESZ 2k

1.2.1 AEREYIRETHEIED

B EMEENE . SRR O, HEEIR R EATINA mE AR
BHAR, BEERINEEREBE T PR LE. A TIWHRERCRE
BB, T BE WA ATER R A TR E LSRN EFERTINS
BREFE R A B WP A RIA R R R LT REA R &
COFINE, BAGRERMERAENEASY, SIREDFBENALERERER
R I E R T A2 & . T RARB XM RN AR SR /EE
HHE, R LEMXAAERE R A S ERRERENEF L BEEN
BB g .

YRR — R B TAEEMREY . FEREMERED, 2B
S V4] B £ o T LA S BRI o BEBEE AT A R E IR A P HE R BT P
FEXHAENLESERRENTEEBORARA. B RO ENRERE
YIMERT, BREEDEEEYN TR NBEARBEFRENZF R R —
ANEBFER (MAREHBEYEEHF (Vogel and Jung 2001, Ragauskas et al.
2006). Bitn, fEAEYREES, SHEYEH R HEERER(Ziegler et al.
2000, Biswas et al. 2006, Hood et al. 2007)#1Z5E8(de Wilde et al. 2008).

122 BAEEBEREDBRR

HYMREET L AT R REER, ARERMSSE - RIIBNTER
P Mt AT A DR BB 1T PR ERE A M RIET R IR ER AT RE=
WK R4 T LD RAER AR L1 T R R A LB AR A A . — 24

15
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SR C AR IE Acidothermus cellulolyticus A4 %88 E1 SI%
AFEX(Biswas et al. 2006, Ransom et al. 2007, Chuansheng Mei 2008, Mei et al.
2009). Z%E(Dai et al. 2000a). FH(Sun et al. 2007)FIMEE(Dai et al. 2000b,
Ziegler et al. 2000, Ziegelhoffer et al. 2009).

feoh, BFOHARY, EXBREYTRENTERENAREBRANE
B EMullet 2009). FIRARKR, * El WEBIRERERGERFNHEH,
3 H A SRR BE B 47 4 RS B T A% L(Chaves et al. 2003). X227 R
BT FARNEAREMAARNBYBEN TSR, i, AMTERS
El SHEY 4 &7 st B PR ER & T XA FI 8 M (Vinocur and Altman 2005).

123 #AAEBEREYNZEE

NP RIEARZFRRA R ZRREORRAREF NN, FHEOH
W HREZRN, NIRRT BETARAKEL. RAZEHEL, AR
MEBAE, HEEHNESRIEUBRAMELSEHL. FEETENETNEE
BEERR AR PR LT, REX MY S B AR A THEEE
BRFE T HEEYT LR, — EXERTHR TR, MWLM

C BRNIZSRAMINER. NAEAEE, BE— MUK R IIRE 5

REMAMIFEIFEYHEE, TREN VRSN EENESERRS HENFE
BEW, MAEFEFRNSREO AL,

KA AT LSS RE R, AR LB 58 L R S R AR EY)
YR R BT B Z B JKRAORE o A FORIREFT o] LUB IS B A 7K AR A R B
BEERLRER. ELIEY, BEEBSEEYRETLE~REREA,
SRRIIEMBA, LR, BANETLE, £FRRERAEERLAS
X — R EEEENEA. THAERBERENEKBEFT LR INT
HHHBEAEM TR ERENBHRE, IR T REHRABEREN
EYRE. B, SHRN, AEEBEREKBHARIETHRAERKEAR
BN, TR ERRRREXN MR EMS, RNASEROBATRS
UK BB ROBE, NTTRIT R EBREMRESKR
.






WK% M i3 $_E MY EREEIENE

ZE EYRE R B RAB AL

2.1 BRRATESHEDBH RN

A 5 BRI, EYRERER T HEENAHE. B
W TR BEAIZ S, MR T AR (constitutive defenses)F1 5 3 BB 1
(induced defenses) iR HLEI. ARBPBIEHYT BRFEN. HRRRRRARN
FEEHBLOYBENLERT: TESEBHRERRNRREEE R LB LN
Bif(Mauricio et al., 1997). %44, B ERERIERIFRHERE, F
SR AR K T AR BT .  SHEUEIREY E R R ER DT E
BHESRE, FUESHENEH—ERRAEYN BERYEERNRA,

—fk¥, BEHHAEEASE: B, FEARNBERFETOSL
(Walling 2000, Kessler and Baldwin 2002, Ferry et al. 2004, Dangl and McDowell
2006). FEB—Hd, HEMHNMREKEN — L4 R S0 RE T th 5
LB RYINR . XL KNGS HERLE S PERNIERRERS
H — L 4L 24 Fi(Wan et al. 2002, Hahlbrock et al. 2003, Kaloshian 2004). #£18
WP R R EEFHHESRMEE, . ERpESRENRE. ERNAE
FY RS EGRIFE) UL A EMRERSEY). ENEWERERRN
FURHEFT R, MR EF & A F (Kessler and Baldwin 2002). (]
EREREY A SR EM B RN BB AT AR, BRILSIFHERERR
BOFR A RAET LS S B R BB MR RS RE T Rtk B Rt EY)
HIfE .

2.2 Y EEB BRI

HYEE AT X ERT L AT E SR M EFE R H (Fig 2.1) (Chen

17
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2008). MEFTURELERIRGZAHREZF, WRZATURB VLR,
WA D ERBANERNE. MBERE T EYH— LR ENE
X3t BRI fig A LR E R E BT R,

2.2.1 REIRYGE

EREZE, BEAYEL—RIONEIRMBEN ERHRDOMLER. X
SHEEET AREENE, dBRN. AEFERRYRNZE.

YT CASE 3o 184 B 40 P SR 3R 7 R SR SR AR R HUMR R B LU B R BB &
YA B, $550 R 3 AR R K O 23 ) B B L H G M (Goussain et al. 2005).
40 i B A 398 5 4 386 L o8 X, 0 98 BB ot XA A 0 8 4L R XE 72 /X (Clissold et al.
2004). FEHEMRHERFEYEIRRMNBSRE AT, XEEREER
RelshE. HHBER. FEFREREBAAERHE A H# E # B 5 (XTH)(Goggin
2007, Liu et al. 2007a). TH RN REYN THRBEDH—FHEZORAERLR,
SWR AR R AN ARREIEL, XRAR T REMEDNT 8, BAR
BOR B A BT FE(Heath 2000). i3 BUR M R YR —Le40iR T B R K
—FMBI YL, 55 RN R R E 2 A AL R 8 B R JUH T M (Fernandes
and Negreiros 2001, Hoglund et al. 2005), %, i8R 5K FEX FEBEMX Orseolia
oryzae WI$1EH 5% (Bentur and Kalode 1996). 18 EHYIX BHLH R EH RXHE K
HEFERNEENS, B FLEd AR RRERBERNOHEH
HANSWE B R(Danks 2002), —EHEYIRH B RiTT&RARKEROERYE
Sk (VOCs) B&Y, VOCs AILMARHSYHRE, Xk T a#Eb#HN
e (Kessler and Baldwin 2002, Kost and Heil 2006), {82, —&& VOCs t121EA
— i R FR R R RUABIE M HAMR. fiin, WERBEEEIIYMHE
HIE R PRI ARG HET E]_ ER9AE, T H—% VOCs RERIARN. XL/
(¥ VOCs B LABRATAB# B Heliothis virescens MR RZEH & (MK LalE R Y
R fE 2 MKk EF268(De Moraes et al. 2001). —&7# BB ZE4K
VOCs AT LME A IR B R B BB YR, FTXE voCs A LR 5| B RIR
3447 18820 #9(Kessler and Baldwin 2001). VOCs = £ R L BRI OB 2
W% B F BT 80 B (Truitt et al. 2004, Schmelz et al. 2006).




HHL K E MR $IE HYHERERROBANLE

Antinutrition

Limit Food Supply
(Pre-Ingestion)

Physical Barriers
Cell Wall Strengthening

Hypersensitive Reaction

Plant Direct Defence

Anti-Plant Manipulation

Repellent

Reduce Nutrient Value
(Post-Ingestion)

Remove Essential Nutrients

inhibit Digestive Enzymes

Toxicity

Physical Damage

Chemical Disruption

Fig 2.1 Categories of direct plant defense against insect herbivores

& 21 HEHERESHEYEEH ALK

222 BIEREFRNE

ERANRENBZE, HEFRRET ZRE—BEENEFY RN M
BRBEEHRAMERNE. FEEYNHEOEREREBRRAHASAR,
75 B S il P 5E R B RSSE I (Chen et al. 2007a). —4& AE7E B 2IE AIELR
HiEt, BRSWAEVOERREGERFTHNA. MAR—H, BRRTEBT
SR—EEER, . BER. HER. PRERNTER, HLXLEER
VAN EY A, mRXELBHEERERANBEASEYNEERITH
#, BLBHMEKRERSZIEW. FEAERREBHRHBANRAE
318, 3 B R RBEAER VSR HMBIEA R ENE. FIIERRNRR
RER, SHRUBRAGFER RELRFETIAEF(Chen et al. 20042,
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Chen et al. 2005a), XPNEETE B Rl MR IFENE, BEHRLANEERE
AMRAH BB KA EXT B RAHUEFIEM (Chen et al. 20072). KA BREHEED FEAF
HEefERNBEEYZE ERMBEEN 2 Lif(Liu et al. 2007a).

SHE AR BRI EMER b R EE RN EN—FHR. Sk
BRMKE, MY ESHEANGR, FTLH R R ELBEnRnENES
A% (Green and Ryan 1972, Koiwa et al. 1997). B4, W& HHEVILERE =Mt
RV LRE— TR, BAT R IH B R EERIE B EE R A
#9808 (Duffey and Stout 1996, Akhtar and Isman 2004), *} & R i4LEERIDEER
RAETHRIRYANER, EENHTRANEKIRE.

2.2.3 WYL

BRTHEFRMEAZS, REETLEL=EMEYFREITHME, KEUZ
YRGB ERMYERG. i, HYERIIBENRGE, =ETIER
Bk, XERATEANRLBHEDETUNERNEHEORTHL, REX
Hett SR EEGE. —MUIFOAFREEXKEEK—/ 33 kDa K9£
KRB E H 8§ (Pechan et al. 2002), XMEABEREMR S ARENRER, &
BABRGEZF, EXNBHENEARITHUFERTERNERE, &ENH
TREMEKEKE.

2.2.4 46200 B

FE, BB AYET UG/ RRNLERG. BRIOEKXERE
ZHERIRE, XLBRAEEE. BRENAREAS. —BEYNOLED
RERRBEESOMEN. fiin, —2RERBYHRERBNG, T
Ry S B RO S 975 M (Salunke et al. 2005). XFhx$ AFZRERHEI251E B RAL
250, RASBRRAMEKREZHRART.
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2.3 Y EER AR

YA E AR, HYX BRFEENRE ALY —RBIA AL
TIL%: EYRERESY (PSMs), BRMABMHE. BOM. RER.
AERBEE. SHAKBMLCHPRER.

2.3.1 YIRERE =Y

HYWERBZY (PSMs) REBLEMYEKREIBT AR U EFEN
HILAY, BI—REREVERE=WN S RPRARF=Y. —&%PSMs
YRR RIT— BB, Fil N REENERTIA. EIERmx e
MABEYIABRE]. KT, PSMs MR ETMIHERIREMEMAERES)
Y14k 22 8548 (Bennett and Wallsgrove 1994, Theis and Lerdau 2003, Mao et al.
2007). KEB5HH PSMs MHEAKBERBRERN, REFLERMBRTET
mENE. RERTPLCSRARERINERE, ENERETTERNHS
e FBHEKRTHHASEM.

- R HELEBN PSM BBLH 50 000 41, KRATHEAR—ABRN
B B4 ) PSM ff— /N84 (De Luca and St Pierre 2000), 1 F74 PSMs B
fRAY, FEMEYRED>BNERDRBSNREVRAE. b, F2h
# B —F L E %4 RES KD S =4 Niemeyer 1988), Ti2AHFERFHEY
MEE AN, EERSHERRT. B4 EYERIHREHBERER
M EEYEHNESE, AR — LML PSMs (Baldwin et al.
2006). & KB CERHOIE 88 i A i 2 7T LABA R PSM HETE 9B BT EE, 1B
RE—MEER PSMs MBI ATHEEE EE T K BH LR IR,

BitatPSMB T =%: BBRIEE (MRTR. KWEX. RLER. JEX,
RA=BAARE), B4 WMAKTFHE. BXFRERA. BRF. TH,
AFREEER) AFEE wer). FRKPSMELTEHHIEIEREN
RKFRR. F L HRE AR R TTEENEIR], KBS K ATPEE(Salunke et al.
2005). AFREMBMBMALEYIAEYIRAMEE, FILTT LUHUE FF(Schroeder et al.

2
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2006). —LEBHAERMEEBEHE S K —BERY—RTURE| RBHE—L&
7= BRI 48 & % (De Moraes et al. 2001).

2.3.2 EHHLEERMEIR

BoMLEHAERBERLAYNRRT RN Z. ERRHKRETHF
ERHEEMNNAE: BABNENE. EABEMERBERNEREENART
BAIE, BRI REM T (Feng et al. 1991, Zavala et al. 2004). (LB HIFI(E
KB AN E B B R Ryan FAb I3RS ZILE) (Green and Ryan 1972). {1k RZE
DRHENBHZIRROKGE, ENSREREHEABNEN, HEXMHR
| SRE-ANRAEEFEBN, SR SO TRHRRG IS . LT
B4 T XL BB BRI B B P R R T BF R (Ussuf et al. 2001). B4R
B EABMERBMENNEYAS S BRA LN BREKEE NG
EEA.

233 BEAlE

EABTHEYH BT S 5N BEROBHE. F—MEFHEFREEKME
—A 33 kDa HEEME AR (EANMEEE) . IMEABNERRRRAS
REHE, BREXMSEHEF AFMM—HS. X4 33 kDa HEABEEXK
RGALERE, REFYRARSTEARESR, RARANEKRERZME,
031534 F) 80%(Pechan et al. 2002). X MM FHEBKERME R, HH
BEANML RS, LHERE SB AN E TR A R A RIE T BE
#E i (Konno et al. 2004), AMHZEZIEHNAFLRBEHIK, EARTES
TEMHEREAMBOR, ARANEAN, REEORALEREAME. $#HH
HHEREEELROTLER MM H ST, EREABRMNZER T XY
BHRE LN ERTABRE Ee4 (—FARMEREREABMGTD FrKE
MEZEAESE E 4R, $HESRALTT. ELRELET, BARTEH
MAMEAR. EERABNEREEREAEAFIMABALIEHEEERX
E, NREHAEENE. XLURSREPEOBETLZIARRRRENRA
AR BRI EE RN EEAREBD
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| HhAMHEABLS 5 THYDBERERR. —HRRAREEMREE
SHBRRNE. RREEREMYMRGES B LE(Pautot et al. 1993). XF
BEO—BHEBAIBRNBGES, 3 ERHLERILHLE(Chen et al. 2007a).
EEMELNMEERMEN KRk HER —HERNLREER, 7
it— BT HEREEE, AEEERERHERREFAEITEN. B,
ERRAENBTUSHERBAILEERSPBESEIHREFIER
ARSI EAREROAFEW. BT HESN, BOBESE5 THMNHN
£ 45 B4 5352 (van der Hoom and Jones 2004). % (£ | H MY & H KN
&, EEMHRATEHEABENERNAEZRBINERNR.

234 BEF

BREZR-MEUSHNEAR, ETEEEEEIRIANRERFRE, 2
AT HEY, EMAEYAL(Komath et al. 2006). FERMAANLERESR
{IE B B LA BBAE JLF B 2 A9 B & (Janzen et al. 1976, Shukle and Murdock 1983,
Murdock et al. 1990, Powell 2001) e &S Z HBFFT, [RIRT th i X 8% L A0F2 )
BEMENLEYZ —RENERER. ABNEXHBEORETECHFATHR
AOBER, MXLHRRADEERRCHF Bt FROILITE L (Powell et al.
1993, Rahbe et al. 1995, Sauvion et al. 1996, Powell 2001). FEfHE A (Hilder et al.
1995, Yuan et al. 2001). L% ZEH(Gatehouse et al. 1996). KTE(Rao et al. 1998,
Foissac et al. 2000, Sun et al. 2002)F D2 E HHEREMREE L EREEXF
FEERRIMAM. BTHREITRAETRESR, SHERRZIHHAARER
H(Fitches et al. 1997, Gatehouse et al. 1997, Fitches and Gatehouse 1998, Setamou et
al. 2002, Setamou et al. 2003)tH R —E M A RBR . REZXN BRBHERAM
BEHH, FARNBEARBEREETRFNS GHEELESR NESY)
(Macedo et al. 2004).

235 EERGER

ERABBEABRAR—HEHEYEARERRRNNEFRES. XLBTUURE
MENFETONERER, REAFMWHEF(Chen et al. 20052). BT
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MBS EERNEBEEERE BN A ARG AR, KR REEBEENU
i B AR & AIHUBAR 5 7 1% B (Hildmann et al. 1992, Chen et al. 20042), fiif{17£ 8
138t # SR BRI A#(Chen et al. 2007a). S RIZEERBHHERBH
WX B E RIR M. sexta 41 5L B —E HI3H#E(Chen et al. 20052), TIAH4AHE
FHRAERREBERENHE, BERENEERRNGEHERAKHST
(Kang et al. 2006).

2.3.6 ZHEAEE

ZRYEILE (PPOs) RAEFNE, ERUSHEANRE, Bd5EERM
HEEERN RS R ERGEYOERNE. X EREUBEEDIERX
HEHBERMBHaES5HERFHESBEIREMBERNER HEHE
wEZSHEY A E AN BABUNIRAOERERELRNSHEAMBERNE
%1% %(Constabel et al. 1995, Thipyapong and Steffens 1997, Haruta et al. 2001), A
TAKNE S BEUBEEREE, BROEKZIME(Felton et al., 1992), FH
BN EHETER PPOs 7 B H1 38 PO R 5% R BB (Chen et al. 20052). 5541t
Fik PPO MHYIR T AR R B AIHPE(L and Steffens 2002), [RIHE M
HA5 P PPO B Rk R 38 hn T A4 % 7% JR B 1) 53 M (Thipyapong et al.
2004),

2.3.6 HibER

e e S SHMBENEM A R, WRFBRAEYEREEBNEY)
Bk, IR R D AR SR B B 5 R V8 1 B T (Kessler et al. 2004).  AERTAILAE
MABATHEMZE, thrBRRA Y E&F % (Shukle and Murdock 1983,
Felton et al. 1994), REZRMNF Ml iR mimr=£4 #RBK=Y, ERHAL
B B 7= 4 f o P i A ) s A 7 R 9 A B B AL R
. KR NYE S SRR R E RN ERERR R, NTEEIHBRE SRR
F(Felton et al. 1994).

e A B R X S AN EE SRR LRENN “H
W ” 7542 /6 (Felton and Summers 1993, Duffey and Stout 1996). A A8
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= MR AL E A=Y AT L S A SRR 5 R RN, AT
TEERIYHNBERARYBHEFNE.

2.4 EFTHEHITRHNHR

FriBZE A (gene chip) AU+ DNA &5+ DNA 555 (DNA
microarray), RIEFFABRAIAM (in situ synthesis) FEARTME SHER, ¥H
PLE A LA T 16 DNA HRETEAREYIRE, M= 4 "% DNA REHE
5, RESRIEHIRERIITR, BERIATAE S RERX EPHE R FIRE.
FATHERBMR IS . ELRTENS AR, RS EARNZLEE
R RERAM, HEAESIELESTREFETHNENRBLER. WESHEARN
RESERAMGEERANRNERBEN, DEHASFATHEMERD, /£
H—FBRENNST LRAEEGRE, BEZREAXEMNTHETEENAG.

REERGHMESREANG, HH KA TKEH I HEKXRE(Schena
etal. 1995, Yazaki 2002). 2002 &, KFEHEFEA EEE &5EMH(Yu et al. 2002)T /3,
BEE X KBTI R ER A EN R, £EGAMNAEN ZHEA.

#xF B AT A FRAZERE REKFH LR 7, I RT-PCR.Northern.mRNA
ERERE, ERAREEDHTEEFTRAASERRERAHLTIHEIT,
HFHTLE THEDENKLE. FERTFEH. RENMBE. REERRMTESR
B EEE&H TR TBNERRERER. B3 5FANR, 258 EE4HH
XMER, #HinfeENERNTRSS M EREKTHEER.

ERsS5HYBAEEHERNEFEREZW NN, ARNEDNSRRRS
ZEFAHA, BEREHEFSE5HEE-—FRE MARIHRX-FHERE
B EEEFRTEEN FHARRRERKENEERREARAHRNI(Blau et
al. 1978). NB—NAEXRV, EYUXERMBHBEAREHbEMIEREE
BRN, £XARIEEHE, FEERMESREEE, MXLERNERLSE
T Fo B Ab 3 35 A B 78 R S (Walling 2000). % B BB R KR —FIEH
HARONS, KPP RINERSERETERA, FUREETERELTS
EHAHT. MEEUREROERE, BTERGH ETUERRT 78R, &
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A5 2 IR R e 0 4 T A, NN AT LA LA R 444 T IR 9 A KB RA
MEERAKFER, THA U RRZEERA S NERGHEFKPER

26




HHL K2 L83

B_BH HAAE

BHY MRAR
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HHT KM L3 $=F ¥ crylAbivip3H BEABHURME £ & AR CAEY#EW

W=F B crplAblvip3H ZERKFEHUIEY:

Y RN KA 2

KBEEREENZHERNBERTR “Hb", DRHEREIERE
KHMETA “AH” (Ye et al. 2001b). XRBHRHLMERERAHZE (SSB)
Chilo suppressalis (Walker), KiE (PSB) Sesamia inferens (Walker) , =4L#E (YSB)
Scirpophaga incertulas (Walken) I fE EFi51M, H SR EHIKBEE R,
o5 R R fE E R B M (Savary et al. 2000), ZEHE TREEAMKREKBEIIER
BATE. BF, B THEOEH Broy ZERHFR—FRLFHHE H FREK
FEHLME # & (Cohen et al. 2008). REMM, KBEMRTIERRHRE ey BR
A¥E cryl Aa (Breitler et al. 2004). cryl Ab (Ghareyazie et al. 1997, Shu et al. 2000, Ye
et al. 2001b, Husnain et al. 2002). crylAc (Bashir et al. 2004, Riaz et al. 2006, Chen
et al. 2008b, Kim et al. 2009). cry1B (Breitler et al. 2004). crylC*(Tang et al. 2006,
Ye et al. 2009). crylCal(Zaidi et al. 2009). cry2A (Chen et al. 2005b)A cry9C (Chen
et al. 2008a), KB R AX I R EE AR MSEE H FRRIH RIFHHTR
H. R EAR R Bt fEY—H, BRKHRFL BRET L EHIE(Gahan et al.
2001, Bravo and Soberon 2008).

i FEIR B Rt 07 £ B 1R % HJ7 (Hanur 2008). —MRARIE Bt AR
E SR B B R A 5 (A 490 BD JE 5 7 SR B (Vacher et al. 2006), 55—
£ LN £ £ K 5B (Bravo and Soberon 2008). B, ZTHEZXIFIRFEAE
BAMRS, FIUTSRITRP AR K. Bk Bt KBOFARRBESERN
FEETH, HHESERRNRNEERETURSAMNSTL. #EZITRE
B EMEERKREEW cryl Aa/cryl Ab(Tu et al. 2000, Ye et al. 2001b, Ho et al.
2006). cryl Abl/crylB(Ho et al. 2006). crylAc/cry2A (Breitler et al. 2004, Riaz et al.
2006). cryl Ac/CpTI(Han et al. 2006, 2007) #Fxi8%38 H 1F R AF —EME.
ERMARESD (Vips) REF =& FRABEEFPPRAN MRS
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% 4% 1 (Estruch et al. 1996). Vip & A5 853 B B RA R/ )7 Hifi(Rang et al.
2005), 3 BAEAIEER B R 5 Cry BE RN (Lee et al. 2003). i ACLIEH Vip3A
1 Cry & BB A Z MM EHMERIE(Lee et al. 2006, Jackson et al. 2007), Bt
Vips Bl B RB T Cry BAM B —AN %, T AE SR REY RN A L (Fang et
al. 2007). —/*%i% Vip3A R CrylA BAMEXRSRRA T ERNEERHER
A cry E B 5 HE F K Dively 2005), BHLHFHREE Vip3A BEHHE
fEMEIE Vip3A R CrylAb Bi&EERIEECHRE(Llewellyn et al. 2007,
Whitehouse et al. 2007b, Adamczyk and Mahaffey 2008, Bommireddy and Leonard
2008). Eitk, HBEX cryl Abvip3H HITEREYMEUR BB RN ERE
kmELEENE. HE, FUEBT crylAbip3H EEKREXE CEHE
WEERETI, UREFNEEEMEALIIBRETRANRK.

3.1 HEEHE

3.1.1 BiAAKRE

B3 cryl Abvip3H KRB AL T R AREERASHF GoHl. XA
T Ro MR, &7 crylAb/vip3H EEFMEXK Ubiquitin B3I F, FAE
E— A BREHBEN - ABEAEFERBRES RS

(5-enolpyruvylshikimate-3-phosphate synthase, EPSPS) (Fang et al. 2007), HiE
S SR A B A Xiushui 110 %1 . SR BEHE—B2 T RIAER:3 om, L:25
)W RAERAIERME 1), HETREENERATSRBENER, FUE
SN HE 28°C+1°C. LAY (L: D) 14: 10h. H3&E 12000~14000 Lux.
B 751 5%(F /), 20 Hitr, KA 10%0EHBAARETREEL XBe
WHREENIESERLRE. BT 30 BR=MHIMEERSAAR/MIBHRER
BA. B8R ABRTEAREN, REHFRANBRNERELRA.
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312 #HABH

“HIERKIERAY IR BWIT K ERGREE. EHE%RENFEHE
B RBNE, AR R ETHE | ARBENRIRE 20%8 % KA
MEPFAEFERBRE. KM=, SHENEENE. PREZERTHR
. DURRLE, SREHERSE (1979), LUKIE (I8 910) AR 12 B4
5, 2WEHA 3-5 RWFEESR. BEFRENESLFF 2R, 83 RFH,
RETERIPR, FUEm s ENRRA. '

BYAXAMNAR, EEREHECERARRREEROKBCPH
ft 1 5) EEERFHNIRME. RETRESLNFRZAKNRER, KPH
Fr&MEh: BE28CE1CT, XAH (L:D) 14h: 10 h, JE3RFE 3500~4000 Lux.
B 70£5%.,

3.1.3 HEMEMNNMX &

G6H1 K E X Xiushui 110 & % 7 H [B)iA% T 2008 251 2009 FEALEM
M (120.12°E, 30.13°N) #HLKFRRRIZRIT. $EFEHEN 200857 5 2
200946 A 18 B, BH—MABRITHER BMRARARESELEKX 6
AP, 2440 (B) Bt KBBAIE Bt k8D, 34 ER, B/ PRKEBEIKA R,
BARERYNR 20 m x 35 m, HXEAHU—FEL 50 cm HERFF, BMAR
HAH AP 5 TSR ERMBABIRIT. BEEATFIBR, RERKA
FKRERRKLECER KR, EBMEKPFBEARGLE,

3.1.4 % crylAb/vip3H KRB HUIE R A0 &

THIER KIS HIRA B A A B ETER TR ARNE. KBNS
$. SEES. MEEEAERES 5 B &R 30 AR AFE RS R R RE
B 2 MY EERUER 3-4 om KM (B —FD)1 B REBH B E D FREE (6.5
x 1.5cm) A2 10%HEHKMRERZFILHBES L, FRREYFRHEE L
MEBR . BESFEN S KPUR, EOEERERIE, BEANBEHES 2.
4, TREBHRFTE, WE_IES 2 RAOEWRK BRRRHER.
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3.1.5 ¥ crylAbpip3H ZRKBENMHHIEAREENE

3.1.5.1 CrylAb/Vip3H & E B A& T

$o i HEK RS E R AT, AWEERLE, A IM Tris-HCI
Zvh XA LSBT, REFA Bradford #(Bradford 1976)i# 1T 8 EA & EH
e, AFLESEEEARERRE. RER20 vg MEFEHHET Western blot
7. IR 8% (miv) SDS-PAGE, RIEHTHME, &%, BE. 4HRATHM
—HT T 23, 251054 Bt Cryl Ab HiidFI%H1 Bt Vip3 Hifk, KRR RA
R 7T AR BAR 1 S AL B AR 12 B L 341 & 1gG(Bio-Rad)(Datta et al. 1998).
3.1.5.2 CrylAb/Vip3H BIAEA S BN

EARBIEY. AN, BEPMERETRE, SHREEENEEL
HEBEZHATLRIFHNH A 15 &, BEEEUE, REEBZE-70°C KHE
AR, 5. B 0.2g M A BRETALRBREMITHE, A IM Tris-HCl S (pH
6ORBMAAEN, FEXA—FRM Bt-CrylAb/l1Ac &HHKIBH & (Envirologix
Inc., Portland, ME, USA)i#4T & B E .

3.1.6 H[AI% cryl Ab/vip3H B BR/KRBHIE R FHEREZIR

M20084E8 A 18 HEI9 A28 HM20094E 8 A 15HEI9 A 25 H, M#HE
B % GoH1 KX B & Xiushui 110 3#17 T B 10 R—KEHFEAE. B8R
NXBEEIREER 10 Bk, ZEHEOER. HOAMEE, HRIAAEHRMEIFRET
HER TR K. RN EENPRIEREERNER = F
RO EEMERE / BENBEERE x 100%: FENEE =FOBARBHE
¥/ REHSESER x 100%.

3.1.7 EHIKREN IR CAEKRENEENA AW

# G6HI A Xiushui 110 IS0 B A KBRS kS, BAFIE A,
ASHHO, BASRATABENER. =XE, BE0E00 RS, #
SIEEALIS, 12h AIREE A T F LR,

¥ 1k BT LR G6HI F Xiushui 110 30 BB KBEH I IBAKFERE
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FREORPEAET. BTBEBA 3 KBK, BANUEER 10 X, 80N
Fiik 88, EERATREARSR. RN ERFENBRNSERE HiExE
SPETE, PG R R AT MRS R, BOX R KRR E SR ER RS
HOABEREATN, B 7 KHH, EERBRALT. CRARLTHE. #
THHPBEE B2 BEFHE T RUBRLFNEE, —H2FH08L, 12h
AYIREE RIREHE 30 BRBEH LR TE-RNER, EFURERAL.

318 RESTKER R A K R B RSN

#5783 G6H1 F Xiushui 110 EALEMERBALRE S, BETRLE
HEEEER (HER15cm, ®S50cm) W, BAFIFB KA, ALHHDO, K
FHREMAFRCEASTH. =XKE, BERERRCEARE. FIFEARE, 12h
VmERATUTER,

¥ EERI G6H1 0 Xiushui 110 RHRBHRMTENZABAEH A, ETH
ZAEEEEER (AR 150m, & S0cm) B, BAVIEER 10K, 845
B8, BERALSBRAAFR. K ERFENEEFCRE RPRE,
PGS BB R ATRERERCRY , BOXT (998 KB R S HE T R AR EHK L~
59, 90 7 R#E, HEERERT. BRRRFCTHE. BTHHRPEE—H2
BEMHE T REREE LROEE, —HAR0ENL, 12h ATFEREEHE
Mk LT ERNER, ENAME=AFRE LU 12 h ATBER
BTEEHNERL, E8TERL.

3.1.9 B KAHREMFAE

M20084E8 H 19 HZI10 B9 B 20098 A I5HE/ 10 A 15, B
10 KT HEHE LA M EFHAEIRE, RIE Joost M Riley (2004)HIHFETT i
BT TRMSE. £ ARKZEG6 cm X 46 cm X 3.5 cm)HEKBRE L
gt 45 %, RERENHITHHE S B (KA 13-15F), FHRCAERERER
ZEHE, RELATAHRZEAR CANEER, AREOREAEEEETS.
FANXBEEIHER 10 BRETRE.
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3.2 FREAH A

RB MR DPS RAKMHITHEMTANOVA). HHIKRBHMARRIIKTE
MR CAEKRTNERENERFRARNERTESHFRA Tukey MRERE
FHELR. B AR AREHES AR CABRENESTRAEZNET
ERHE. FEREKTEHNA p = 0.05. (RUMINFTEEHRT, &F
TOPSIS)

3.3 &R 59

3.3.1 ¥ cryl Ab/vip3H FF KRS xR B ffH B i

3.3.1.1 ¥ cryl Abpip3H ZFEK RN Z AR5t
L BAR TR R I AR KR 48 h A1 96 h R LUF I AR R
AKBEHBORTERTIAMN (4.1, 6 MRREZWIER & 48 h BT 2
WA BRI 30.00 - 64.67%, 4MEEHA 12.00 - 47.33%, HhAEHA 17.33 - 43.33%
FIEEH R 4.00 - 17.33%. 96 h LEAFIREH 62.67 - 100%, 7EEH 78.67 -
92.00%, A 65.33 - 86.67%FIEIRHA 48.00- 93.33%. MR 168h LUF, =4
EHTETE A LR 100%.

BN 48 h 196 h /5, 6 N5 LA S 53 B8 b — (4R RAER R - B ARAR EL,
HEMMERZE T (48 h: F=28.80; df =6, 209; P < 0.001; 96 h: F = 40.84; df = 6,
209; P <0.001). 4FBEHH (48 h: F=14.66; df = 6,209; P <0.001; 96 h: F = 18.09; df
=6,209; P<0.001). #F17 (48 h: F = 18.63; df = 6, 209; P <0.001; 96 h: F=32.93;
df=6,209; P<0.001) FI#EXH (48 h: F=34.52;df=6,209; P<0.001;96 h: F =
43.59; df=6,209; P<0.001) BEMK®ED (K3.1.
3.3.1.2 ¥ cryl Abpip3H X F/KRE X KRR

S ERM B, FFOEERAEARSRALEZFNFAE. NR
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48h M 96h f5, MEHEFKBYRENFHEEESNHRARMN (K3.2),
EREEERERKTE b T 6 h G, KEMFEEEDFFE 1% 5%. REHE
EEKTE 48 h 5, HALTRMK, HHERE 20%, BRI 25%, MM
I 15%FERIE 10% (R 32). 96h /5, MEZNHHKERFLTRLHH:
5 65.83 - 90.83%; 4}EENA 65.33 - 100.00%; i 65.00 - 89.00%FE K A
63.33-90.00% . FiA KIEE RIEERAHEEKR 168 h F2£MIT(K 3.2).

Mo, FEARBHENRERBRENFEER S RS T RAT 4 KR R
BEM—EH (X 31 A% 32), IRXARENEEEKBIRIEMN
CrylAb/Vip3H B HZ I iRR—&.

3.3.2 # crylAbpvip3H EFKBENMHEOREENE

3.3.2.1 CrylAb/Vip3H Bli& 8 H Western blot
Western blot 54745 R &, # cryl Abivip3H EFEKBMARET —1 195 KDa

MEAEE, XITRAEANEHHRAEFEERKETHA (B3.D. B

HiREN 447 Bt CrylAb 1423 Bt Vip3 FUAREL T cryl Ab/vip3H 2K 7E G6HI,

G6H2, G6H3, G6H4, G6HS5 F G6H6 HIgt&RE (H3.1).
PC 1 2 3 4 5 6 NC

B 3.1 #EFEAKRED CrylAb/Vip3H B4 A1) Western blot 747,
Fig 3.1 Western blot analysis of a fused protein of Cryl Ab/Vip3H in six transgenic rice lines.
Note: Immunoblot showing nearly 195 kDa protein expected for a fused Bt gene both by Cry1Ab
antibody (a) and Vip 3 antibody (b), which is absent in untransformed control (NC). PC: the fusion
protein expressed in Escherichia coli; 1~6: G6H1, G6H2, G6H3, G6H4, G6H5 and G6H6; NC:
untransformed control Xiushui 110.
7¥: Western blot 44745 2R A CrylAb 4k () 7 Vip 3 FLAF AT LU B~/ 195KDa
HREEA, INEAEEEERFEANE (NC) FRERWE. PC: Escherichia FRiE
M@AEA: 1~6: G6H1, G6H2, G6H3, G6H4, G6HS and G6H6:; NC: IEFHEEFAT R

Xiushui 110,
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% 3.1 % CrylAb/Vip3H BEKBA AR TR I (R HH R

Table 3.1 Resistance evaluation of transgenic rice expressing CrylAb/Vip3H protein at

different developmental stage against C. suppressalis neonate larvae

Developmental Cumulative feeding area
stage Rice line (mm2/five larvae) Mortality (%)
(mean + SE)
48 h 96 h 48 h 9% h 168 h
Seedling stage Xiushui 110 106+1.7a 23.1%x23a 4.67 533 5.33
G6H1 18£05¢c 29£08cd  66.00 87.33 100
G6H2 49+12b  78£20b  40.00 64.67 100
G6H3 02+00c 02£0.0d 64.67 95.33 100
G6H4 40080 6.1+1.1bc  30.00 62.67 100
G6HS 1.7+04c  2.104d 52.67 89.33 100
G6H6 02+00c  02+0.0d 4533 100.00 100
Tillering stage Xiushui 110 6.3+0.6a 114+12a 0 1.33 1.33
G6H1 1.7£05¢c 29+08bc  30.67 91.33 100
G6H2 0.9+04c 14+£06c 4733 92.00 100
G6H3 1.2+ 0.6¢ 1.8+0.8¢c 36.67 81.33 100
G6H4 3.2+0.9b 54+14b 12.00 78.67 100
G6HS 03+x02c 04:03c 28.67 82.67 100
G6H6 0.8+0.3¢ 1.120.5¢ 19.33 79.33 100
Heading stage Xiushui 110 84+12a 13.1£lla 1.33 333 333
G6H1 12£06c 19+1.0bc 2933 78.67 100
G6H2 02+£00c 03+00c 4333 8533 100
G6H3 10£04c 17£07bc  34.67 86.67 100
G6H4 28106 34z1lb 17.33 65.33 100
G6HS 08+03¢ 12+0.5bc 2533 85.33 100
G6H6 04x0.1c  07x0.lc 17.33 - 80 100
Filling stage Xiushui 110 81£092 150x17a 067 2.00 2.00
G6H1 1.5+04c  2.4+0.6bc 4.00 76.00 100
G6H2 1.3+£0.3¢ 1.7+0.4c 8.00 82.00 100
G6H3 04+01c  05+0.1c 17.33 93.33 100
G6H4 26+04b  43+0.6b 4.00 48.00 100
G6HS5 07+0.1bc  1.0:£0.2¢c 12.00 84.00 100
G6H6 08+03bc 12x0.5¢ 4.00 81.33 100

Note: At the same rice developmental stage, means within the same column followed by the same
lowercase letter are not significantly different (P < 0.05) according to one-way ANOVA and least
significant difference (LSD) test. #: BEEHE M LSD ERH FIr R AR A

E¥BRTPHREAREEEER (p=005) .
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% 3.2 # CrylAb/Vip3H B AR FR E M0 KRR bt
Table 3.2 Resistance evaluation of transgenic rice expressing CrylAb/Vip3H protein at

different developmental stages against S. inferens neonate larvae

Developmental Mortality (%)
Rice line

stage 48h 96 h 168 h
Seedling stage Xiushui 110 0.00 1.67 1.67
G6H1 19.17 90.83 100

G6H2 17.50 80.83 100

G6H3 39.17 89.17 100

G6H4 10.83 65.83 100

G6H5 30.00 70.00 100

G6H6 20.00 70.00 100

Tillering stage Xiushui 110 0.67 467 4.67
G6H1 24.67 90.33 100

G6H2 28.67 84.67 100

G6H3 24.33 65.33 100

G6H4 . 23.33 85.33 100

G6H5 26.33 87.67 100

G6H6 32.00 100.00 100

Heading stage Xiushui 110 0.67 4,67 4.67
G6H1 21.00 89.00 100

G6H2 14.17 83.33 100

G6H3 18.33 66.67 100

G6H4 12.50 80.83 100

G6H5 13.33 79.17 100

G6H6 11.67 65.00 100

Filling stage Xiushui 110 0.00 1.33 1.33
G6H1 10.00 90.00 100

G6H2 3.33 90.00 100

G6H3 333 63.33 100

G6H4 3.33 63.33 100

G6H5 6.67 76.67 100

G6H6 10.00 63.33 100

Note: At the same rice developmental stage, means within the same column followed by the
same lowercase letter are not significantly different (P < 0.05) according to one-way ANOVA and
least significant difference (LSD) test. ¥: BEEH & 547 LSD RS RN HEAFI+ AR
KNEFRRFYBEAREEEER (p=0.05) .
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3.3.2.2 CrylAb/Vip3H B4 B AR ERKBPH SR

EBEN crylAbvip3H EHE7E G6H1, G6H2, G6H3, G6H4, G6HS Hl
G6H6 RIS &, BTLVH CrylAb B E R E R & CrylAb/Vip3H & EH
(IR EE ZE BN R AT &AM B0 ZAT A J B RT LIS B Cry1Ab B .
EEMNEEE M P CrylAb BANSBEABHARRE RO,
BT G6H6 4, FrA A9 H A RIS ME (B 3.2). NEHEERY, GoHI
# CrylAb B A AT A B BAS & 0.007 2 0.027%, G6H2, G6H3, G6H4,
G6H5 71 G6H6 & 1 H A%t B EA & R 2 5% 0.001 2 0.034%, 0.010
%] 0.037%, 0.006 % 0.023%, 0.009 Z) 0.038%%1 0.001 ] 0.006%. }E7# 6 1
HEERMZELH CrylAb BENTHEEHFEREER (X33, HH, W
Kb CrylAb Fi 5 BRI R R EEE 6 A S AR (R 3.3). A G6H2
ff1 CrylAb IR R ZHE B KRH, XKW CrylAb EEEE M RH EEARK
BRI S AR B AN . BT CrylAb REENZRAHAR, TR
KBRFEANRERHIH CrylAb Rix B2 e tEHFh: G6H4 > G6H1 > G6H6 >
G6H3 > G6H5 > G6H2.

EBANMEERSMPEFP CrylAb BANEEBFEABH AR EH BT
A, BT G6H6 5, FrA SIS MAREME (B32). NEBZIERM,
G6H1 F CrylAb BALTHHE RS ER 0.042 3] 0.071%, G6H2, G6H3,
G6H4, G6HS F G6H6 + & [ & FI ¥t B E B & B A LG4 50 0.015 £/ 0.053%,
0.027 % 0.056%, 0.007 E 0.036%, 0.012 F] 0.033%%1 0.006 £l 0.019%. FH%E
6 MEEE R FZFLH CrylAb BANTHEEFEEEER, G6HI K
FIEBBET GoH6 MRIABRIE (X 3.3). FH, ZHH CrylAb FrHhIIM
FREKE 6 MRFHPHBARERE (%3.3). HF G6H4 1 CrylAb AR RER
BAR, XHEY CrylAb BAEEA A RERFR G HFT & AL BIREL
REBAM. ET CrylAb RIEBWERRHAR, FRABRMENMR T I
CrylAb Rix BB EHHFH: G6HI > G6H6 > G6H5 > G6H3 > G6H2 > G6H4.

Hhh, REHEERKBRRREN L 96 h I -IER R 5HERKREM
th CrylAb B H & BRRE AR (F=0.0130; df = 1, 23; r=0.0243; P = 0.9103),
S, REHEERABRARKEHE 96 h FRIERT R EHERKBEMN
F CrylAb B A& BT AR (F =2.2802; df = 1, 23; r=0.3066; P = 0.1451).
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0.05 -

2 Tilleringstage MM Heading stage [ Filling stage
3
0.04 -

0.3 1

0.02 1

0.01 1

88:

0.06 -

0.03 1

0.00 1
G6HI1 GoH2 G6H3 G6H4 G6HS GeHé

B 3.2 HEERABARREHHIZFAN AP CrylAb BALSTHEEBEAMLE
Fig 3.2.The ratio of CrylAb protein to total soluble protein in main stems and their flag
leaves of six transgenic rice lines at different rice developmental stages.

Note: The data are expressed as mean + SE (n = 15).
i FERESATFHELIFER (n=15)

33 HERARENIEEHEFIN K CrylAb RASAIEHEBEA AN THE
Table 3.3 The overall ratio of Cryl Ab protein to total soluble protein in main stems and

their flag leaves of six transgenic rice lines from seedling to filling stage

Ratio of Cry1Ab protein to total soluble protein (%) (mean * SE)

Rice line Flag leaves CV (%)a Main stems CV (%)a
G6H1 0.0138 £ 0.0010b 57.24 0.0585 & 0.0019a 24.62
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% Plants with dead}

% Deadhearts or whitcheads

L KFEHX E=F % oyl Abvip3H BEEARREEER AR CAEYFEW

Datin af Mol Ak awntain tn tatal anliukila mentnin 0N foane 4+ CTY
o
80 1 WM Xiushui 110 MR G6H1 EEER G6H2 () G6H3 M G6H¢ BEER G6HS £27) GeHé 3
$
60 - 1
7 4
2
8
Vv ’ x
/
¢4 ame
least
| ]
20 4
.
15 4 8
p =
10 -
&
5 4 2 5
0 7 >
V] ‘o /
A4 7.4, . A
188 2818 89 189 289 1%

Sample Date (Day/Month)

B, TS AR AR KBUEH R, 79 A 8 B, G6H4 F1G6HS &
fRER, ERAEHKETE 4%, HESEERE 0.5%. AFREHTAEHR
{3180, MARZWIERSIRN. MHEFABEY 95%R h T IR EH
Blief, HAESAN IR EFTRNE. £9 A28 B, NHENERKIE
B4 56.67T%HAKA 17.78% 8 (B 33). BERABNERERKBZATE
BB AE O I BR(F = 415.04; df = 6, 14; P < 0.001)FIAREAE LR (F= 124.72; df
=6, 14; P<0.001)#H EENER. Fat, X BEEKEKDEFRF=6.81; df =4,
14; P = 0.007)FI A BER EHE(F=7.15; df = 4, 14; P = 0.006)EENM N RAK R B
PHEAHEZENERE . BR, 6 MEERKBRMZAFFEREER.
7E 2009 4 6 /ML R KRS R A ZALER KR HIER IS L 2008 £ 6
ERRRAL, RE G6H3 AREHMR/ RN AF —LEER (EH34).
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100 - Xiyshui 110 BEENE G6H] WREB G6H2 ) G6H3 SRR G6H4 G GG6HS €223 G6H6

hiteliead

tsory

% Plants with deadh

Sample date (Day/Month)

3.32008 E R BAR%H T ZHERRRER S ERKBNELR AR ER RN E

Fig 3.3 C. suppressalis and . inferens damage in six transgenic rice lines expressing
Cryl1Ab/Vip3H protein and one control line subjected to natural infestation in 2008.
Note: The data in all samples are expressed as mean + SE (n = 3). Values followed by asterisk (*)

represent significant differences (P < 0.05; repeated measures analysis of variance).
% FERESNTHELRER (1=3). *RERHEEER (P<0.05 ERNET=
24H. |
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R Xiushui {10 SN G6H! GEER G6H2 ) G6H3 W GSH4 @@Ea G6HS £Z22 G6Hé

8

8

-

8

% Plants with deadhearts or whitcheads
o 8
»
R

% Deadhearts or whiteheads

Sample date (Day/Month)

3.42009 £ B E ARE AT ZERAEX H#ERABAIRAFREEN RN E

Fig3.4 C.suppressalis and S. inferens damage in six transgenic rice lines expressing
Cryl Ab/Vip3H protein and one control line subjected to natural infestation in 2009.
Note: The data in all samples are expressed as mean + SE (n =3). Values followed by asterisk (*)

represent significant differences (P < 0.05; repeated measures analysis of variance).
i FIESENITHELFER (n=3), *RREFHEEER (P <005 EXMETE
8.

3.3.4 BEFRKBN ZEMKIESR R RHF

R4E TOPSIS 4474 (K 3.4), 6 MR KB R A M RER A
Fd: G6H6 > G6H2 > G6HI > G6H3 > G6H5 >G6H4 .
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% 3.4 Cryl Ab/Vip3H KX /BRI HT Rt HF

Table 3.4 Resistance ranks of six transgenic rice lines expressing Cryl Ab/Vip3H protein
against C, suppressalis and S. inferens
Rice line D/ D/ Ci Rank
Go6HlI 2.0462639 15274.442 0.9998661
G6H2 1.6742304 15274.442 0.9998904
G6H3 11546.613 9999.2147 0.4640905
G6H4 15274.438 0.1282718 8.398E-06
G6HS5 15274.436 1.3966211 9.143E-05
G6H6 1.4901438 15274.442 0.9999025

Note: D,": distance of design from the ideal solution for the ith candidate line; D;": distance of

design from the negative solution for the ith candidate line; C;: the relative closeness of the ith
candidate line to the ideal solutions.

#: Di+: Bi MMM EERRTRMES; Di- B i MMXNESRETENES; Ci
F i MR SRR RAEERE.

33,5 BHABMECEEKRENEHNAREH

BYANE AR ZKBEE, REEKBEREMKBRYSAH TN
W (R 3.5). SEEERKRE Xiushui 110 L, HH G6HI KFEH CRAER
MRENAREEEER (R3.5). (F—H: 182 =0.386,df=68,p=0.701; ¢t u
o = 1.488, df=65,p=0.1415; t .u = 0.880, df = 135, p = 0.380; =X R =
1.694, df = 66, p=0.095; B H = 1.223, df = 65,p = 0.226; 1 o5 = 1.862, df = 124.9,
p=0.065; B 1w =0.397,df=70.9,p=0.692; ts = 1.683, df =74, p=0.097;
t 2x= 0.884, df =156, p=0.378),

BYXEREMENREZIKBRF. RAURKELEN SR EEHEH,
3 LA« MR s 3 A R KR AR B R KR Z A AR KBS R A AT
BHE BEERRIS) MR Ha M RF RS K% 7 G6H1 M Xiushui
110 28 r PR BREEEN (B—R: ta=0291,df=56.1,p=0.772; t wa= 0.737,
df=63,p=0464;t o5=0.276, df = 122.3, p = 0.783; 5 —f: t es=1.138, df = 60, p =
0.260; f wa= 1.243, df =59, p=0.219; t 2u= 1.649, df = 121, p=0.102; FEMUR: £ e
=0.579, df = 63, p = 0.565; t ws= 0.453, df = 64, p = 0.652; t +4= 0.733, df = 121, p =
0.465).
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BANTHEZARINEE YW, BERRAZIKBAUMKBRYS
RAUEEHEEZW (3.5). £F—KP, HE GHI MR AN~ NESHR
JeEHEFKRE Xiushui 110 HH, FERREHT (ARINERFEE (R3.5) (&
—f8: +=0.476,df=63,p=0.636; F_1%: t=0.518, df=56,p=0.607; HMH:
t=0.130, df= 62, p=0.897).

3.3.6 BHARMRCAEKREMEENARE W

BYANERAPZRAINEELW, BRAZKBEHEE RKBRRAAR
KHMERFEERER (K 3.6). SIELEFEKR Xiushui 110 4HLL, BE G6HI
ABREKEAERNEETNEAREEEER (£3.6). (B—: tes =0.147,df=
62,p=0.884; f gs =0.484, df =60, p=0.630; ¢ »4 =0.365,df=124,p=0.716; 5
R: tHEd =0237,df=62,p=0813; t R = 1.168, df = 62, p = 0.247; t 2 =
0.903, df =126, p=0.368; HEIU: tea =0.891,df =64, p=0.376; t g =0.516, df
=58.5, p=0.608; t 25= 0.237, df =132, p=0.813).

BYAREHENRAEZIABRR. RARKBLENSRAN RN,
3 BRI MR B RK B A E R KB ESAE AR R Faid T B ®
BABEER(RI6) ERFA M RF AL RAFHE GOHI H Xiushui
110 2 [8)  MRBRE BEH (F—1: te2=0.761, df= 58, p = 0.450; t ws= 0.768, df
=58, p = 0.446; t 2u= 1.460, df = 118, p = 0.903; 58 —fX: f4s=0240,df=62,p=
0.811; f wa= 0.131, df = 62, p = 0.896; ¢ s5= 0.270, df = 126, p= 0.788; HIIK: 1 ga
=0.294, df = 64, p=0.770; t s= 0.095, df = 66, p = 0.924; t +4=0.174, df = 132, p=
0.862). ,
EYANFEREZARIMELELW, AREARIKBRUEMKBRYS
RALEHELZM (3.6). £EF—K4, MK GoHI PR LANTHESHR
e EKRS Xiushui 110 HLL, PHE#IT (WRATERTEE (R3.6) (£
—fR: +=0.520,df=45.9,p=0.606; E_fX: t=0.604,df=62, p=0.548; 5
: t=0.463, df= 66, p=0.645),
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3.3.7 & KA HEFHENE

2008 ERAAMIEX BAE CEMBHEHITTRE, RELERERH, B
ANE BB ZRIEUERT E)(F = 7.52, df= 5, 30; p < 0.001) F/KFEFHEEEUEE
BEAYE(F = 547, df = 5,30; p = 0.003) I BEEW, HREHEZIKBMAEF =
4.45,df=1,4; p=0.103) 1M ; 1H X AR R E Z BV EUE R E(F=17.96, df =5,
30; p < 0.001)F17K BG5S ERBERS 3] EL AR (F = 8.48, df = S, 30; p < 0.001) K1 MK
BEYW, HREAEZIKBREMEF=523,df=1,4;p=0.084); BEMERHY
BEEZ BB BERE(F = 13.82, df = 5, 20; p < 0.001)FI7K 8 f Fh AU RERT () EL1E
(F=8.66,df="5,30; p < 0.00 ) BEEM, ERREZIKBERMEF=649,d =
1,4; p=0.064)HIf M., 2008 FFHIEHELREH, G6H1 A Xiushui 110 HIEAH
YEEREERTEI A 19 B4, K4 5 MR A A MK BREER(Fig3.11
), BYXAREKEAS A9 HMI A 19 BRI BN EFEEREER,
HLMBMEREER (Fig 3.5 F#), BYALEENRIBEEREIA 19
AHEREER, HARHNAAFEREER (Fig3s TH).

2009 XA RMAEX HEE CAMBNSHT TRE, REERERYA, B
ANE RSB SR B R E)(F = 18.67, df = 5, 30; p < 0.00 I ZEZ MW, HRE
BHSFKEBMEF = 0.15, df = 1, 4; p = 0.718) FKBFHE S B EIEF =
0.88, df=5,30; p=0.51 1)KL M; 4B €A RAEE R BIHUFE R [R)(F=46.16, df =
5,30; p<0.00)EI EE W, ERBEZEKBAMEF=021,df=1,4,p=0673)
F7KFS SR 5 BURE R 18] AR (F = 1.30, df = 5, 30; p = 0.304) I M; RURAE 2K
BEESHEAENEF =20.79, df =5, 20, p < 0.00)KI B EZXW, BRRHEZE
KIERM(F=021,df= 1, 4; p = 0.673) FIKFEFFHFIEAE R [B) ELAF(F = 0.08, df =
5,30; p=0.511). G6H1 # Xiushui 110 HEH CELEREE. HAKELE RN
REHBENLEAEZ RN PRREEEER (Fig3.6).
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BHLA# L3 $E=F ¥ crylAbivip3H BEABGGEE R RN E CALNF TR

Note: “Two-factor ANOVA: for the males, Frice ype = 0.94, df = 1, 218, p = 0.334; Fyeneration = 2.30,
df =2, 218, p = 0.103; Fiice type*generation = 1.2, df = 2, 218, p = 0.297, for the females, Fiice type =
5.68, df = 1,210, p = 0.018; Fyeneration = 1.24, df =2, 210, p = 0.292; Frice type*genecation = 0.20, df =2,
210, p = 0.821; for the total, Fiice ype = 4.08, df = 1, 429, p = 0.044; Fyeneration = 2.41, df = 2,429, p
= 0.091; Frice type*generation = 0.21, df = 2,429, p = 0.811.

bTwo-factor ANOVA: for the males, Frice ipe = 0.71, df= 1, 193, p = 0.402; Fyenerssion = 0.94, df = 2,
193, p = 0.392; Frice type*generstion = 0.46, df = 2, 193, p= 0. 631; for the females, Frice yyp = 1.80, df =
1,194, p = 0.182; Fyenersiion = 1.40, df = 2, 194, p = 0.250; Frice spesgenerution = 0.08, df =2, 194, p =
0.924; for the total, Frice ype = 2.21, df = 1, 388, p = 0.138; Fenenstion = 2.11, df=2,388,p=0.123;
Frice type*gencraiion = 0.38, df = 2, 388, p = 0.685.

“Two-factor ANOVA: Fiicerype = 0.12, df = 1, 185, p = 0.729; Fyenersion = 12.74, df = 2, 185, p <
0.001; Frice type generation = 0.11, df = 2, 185, p = 0.899.

Data are represented as means + SEM. Values followed by different lowercase letters within the
same column differ significantly according to two-factor ANOVA and Tukey’s multiple-range test.
Within the same column, the symbols in the parentheses indicate significant differences in the
same parameter for the same generation between G6H1 and Xiushui 110 according to #-test.
OB EFENH: BB, F xman =094, df= 1,218, p=0334; F uw =2.30,df=2,218,p=
0.103; F xmamxiew = 1.22, df =2, 218, p = 0.297; for the females, F xman = 5.68,df=1,210,p=
0.018; F e =1.24,d=2,210, p=0.292; F xmanxtem = 0.20, df = 2,210, p = 0.821; for the total,
F xuon =4.08,df= 1,429, p=0.044; F s =241, df = 2,429, p=0.091; F xmanxen = 0.21, df
=2,429,p =081l

bR BN ET: Faman =0.71,df=1,193, p = 0.402; Fy =0.94,df=2,193,p=0.392; Fce
wpe*generation = 0.46, df = 2,193, p=10. 631; for the females, F xzan = 1.80, df= 1,194, p=0.182;
F s = 140, df =2, 194, p = 0.250; F xanxwn =0.08, df =2, 194, p = 0.924; for the total, F xea
w =221,df=1,388,p=0.138; Frw =2.11,df =2, 388, p = 0.123; F xzanxan =0.38,df=2,
388, p=0.685.

EBEFENT: F xman =0.12,df =1, 185, p=0.729; F un = 12.74,df=2, 185, p <0.001; F
Kaawxien =0.11, df=2, 185, p = 0.899.

B ME N TR RR. Tukey ZERRMRNERHFEMIRSE, RASIFTRIEF
BHSEAZRAHEEE. ERA—FIP, *KKT G6HI M Xiushui 110 HHFEAHIEFEY
2EHZE BT WRMFEREBEKTF.
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LR AR F=F # cryl Abivip3H ZEABHEH E e REMR VALY M

Note: “Two-factor ANOVA: for the males, Frice ype = 0.35, df = 1, 193, p = 0.558; Fieneration = 8.39,
df=2,193, p < 0.001; Frice iype*generation = 0.27, df = 2, 193, p = 0.767, for the females, Frice ype =
0.03, df= 1, 193, p = 0.868; Fyeneration = 0.26, df = 2, 193, p = 0.768; Frice typet generation = 1.06, df = 2,
193, p = 0.348; for the total, Frice ype = 0.17, df = 1, 387, p = 0.684; Fyenersion = 2.81, df = 2, 387, p
= 0.062; Fiice type*generation = 0.48, df =2, 387, p = 0.619. |

5Two-factor ANOVAL: for the males, Frce yype = 0.19, df = 1, 189, p = 0.661; Fyeneraion = 1.35, df =2,
189, p = 0.261; Frice type*genccation = 0.19, df = 2, 189, p = 0. 823; for the females, Frice ype = 0.41, df=
1,191, p = 0.524; Fyeneration = 1.05, df = 2, 191, p = 0.354; Fiice typetgeneration = 0.21, df= 2, 191, p =
0.814; for the total, Frice ype = 0.01, df = 1, 381, p = 0.915; Fyeneration = 2.05, df = 2, 381, p = 0.118;
Frice type*generation = 0.05, df = 2, 381, p = 0.950.

“Two-factor ANOVA: Friceype = 0.08, df = 1, 191, p = 0.780; Fyegeration = 23.23, df = 2, 191, p <
0.001; Flice type*generation = 0.34, df =2, 191, p = 0.710.

Data are represented as means + SEM. Values followed by different lowercase letters within the
same column differ significantly according to two-factor ANOVA and Tukey’s multiple-range test.

Within the same column, the symbols in the parentheses indicate significant differences in the

 same parameter for the same generation between G6H1 and Xiushui 110 according to f-test.

i NEE G EMT: B, F xman =0.35,df=1,193,p=0.558; F e =8.39,df=2,193,p<
0.001; F xmanxien =027, df=2, 193, p = 0.767, for the females, F xmew =0.03,df=1,193,p=
0.868; F e =0.26,df=2,193,p=0.768; F xmanxum =1.06,df=2,193, p=0.348; for the total,
F xean =0.17,df= 1,387, p=0.684; F ay =2.81, df = 2,387, p = 0.062; F xmanxnn =048, df
=2,387,p=0.619.

SUEEHZEMT: Faman =0.19,df= 1,189, p=0.661; Frm = 1.35,df =2, 189,p=0.261; Frice
sanxm = 0.19, df=2, 189, p = 0. 823; for the females, F xean =0.41,df=1,191,p=0.524; F
o = 1.05, df =2, 191, p = 0.354; F xeamxrm = 0.21, df =2, 191, p = 0.814; for the total, F xean
=001,df= 1,381, p=0915; F aw =2.05,df=2,381, p=0.118; F xmanxen =0.05,df=2,381,
p=0.950.

CUEEHENT: F xuan =0.08,df=1,191, p=0.780; F xm =23.23,df=2,191, p<0.001; F
xuamcien =034, df=2,191, p=0.710.

B MR R T AR . Tukey ZELBRMRNERHEHHRS, RAFIFFARNTF
BHHERERSHEEE. ERA—FIF, *RET G6H1 # Xiushui 110 HRRAEFR LY
SR BT MRAINEREREKT,
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No. of M. lugens per plant

15 +
Nymph m Xiushui 110 &= G6H1

12

0 T o  sieffiE

Adult

Total

19/08 29/08 09/09 19/09 29/08 09/10
Sample date (Day/Month)

3.52008 4B K R AEMHHF
Fig 3.5 The population dynamic of N. lugens in G6H1 and Xiushui 110 in field in 2008
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No. of N. lugens per plant

12 q

Nymph mm Xiushui 110 @En G6H1

Adult

Total

94

15/08 25/08 05/09 15/09 25/09 05/10
Sample date (Day/Month)
B 3.6 2009 £/ A BRI EIE

Fig 3.6 The population dynamic of N. lugens in G6H1 and Xiushui 110 in field in 2009

3.4 NG

K REZBFTH 615 cryl Ab/Vip3H ER KRGS Fh 5 A E R R A R

Xiushui 110 # K. £8%F SSB #1 PSB #RI L RIFMHtE (R3.1/132; B33 M

34), FIRGEREE ory ERKREFTE RO HUHEAIIU(Ghareyazie et al. 1997, Shu et
al. 2000, Ye et al. 2001b, Husnain et al. 2002, Breitler et al. 2004, Chen et al. 2005b,
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I X8 LRX BINE # crylAb REKEX B CRE KR BN REMSRBNTH

Chen et al. 2008a, Zaidi et al. 2009), H5HLEHFHE cry BEIKTRERFRA
FELBOHT B HE (Tu et al. 2000, Ye et al. 2000, Bashir et al. 2004, Ho et al. 2006, Riaz
et al. 2006). EEHFHREHE—A crylAc 5 CpTI A REMKBELZREEHT
HiA BRREER THEHARERKRRY THitEMHan et al. 2006, 2007). FHEF
f AR I 25 2R 9 GeH1, G6H2, Fil G6H6 RILHIXT SSB A1 PSB 1a5E H9Hk
¥, EKBHENRENBFRAZEEE. RN GHI, G6G2 F G6H6 LR
WAHBER crylAa (B crylB) (Breitler et al. 2004, Chen et al. 2005b), crylAc
(5% cry2A H1cry9C) (Chen et al. 2005b, Chen et al. 2008c), crylC*(Ye et al.
2009)%1 crylAb/cryl Ac B4 3 E(Tu et al. 2000, Ye et al. 2001b). cryl Ac/CpTI &
4 [ (Han et al. 2006)RHLH BAFfoH it BA ERAEHER S /DB SSB
faE. Bl GeH1, G6H2 Fl G6H6 AT LA #E 1k R Z R EEF M H AR Ak
WokAE, 3 EIRYE M AR ERRE = £ Y 2 4 R31T TOPSIS 447, G6H6 7
R=EZ P REIFN.
B 5 2R K ARG 96 /N PSB TR ELLMFE £ T SSB MR E(K
(%3.1F13.2), #AEKBEKFHIN G6H3. G6H4 1 G6HS Y T ERHISE
£ (B33 f034). Et, X&&H PSB X CrylAb/Vip3H BB K ZHEHF =
—3 H Vip3A/CrylAb AKX R R AFHIERME. INMEREWANRE
BARL, BN%E crylAblerylAc ZE/KTE TT9-3 M TT94 I WERBREE,
XFfE R B PSB 3|#2HI(Ye etal. 2001b).  2K{BIE, Vip3A F CrylAb H A X8
FEERMRARKREREMTARMN. Ri& ViplA BEMNEERBENERRE
i, Spodoptera frugiperda (). E. Smith)FIFH KKK S. exigua HARBREL
CrylAb # L BB —1&, TXHEERIR Heliothis virescens (F)HIMREL CrylAb
WILE—2%, #H CrylAb/Vip3A #1Ex bk = Fraif R I H AR LU R B
(Adamczyk and Mahaffey 2008). Eit, ERR—MENMEKBHNSHIEBRR
B R R B R KR, REZE RIS E B X (5 SSB. PSB. YSB
MBAEHIES) AR Cy EASRE Vip EANBBREAR, ERFTE
Cry/Vip BE A Bl A RARNEER A RIERRG A ST E BRI H7=H
(3=
6 MEEERFPEAMAFH CrylAb EANEHEIRFHSERRL
HFARAL BENRR (B 32). X—ERREMTFLUHHREF REHAT
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HHL K # 183 BIE # cryl Ab ZFE KRR CAE KR B MREORAKTFHN

RN Bt MEEANKEEEEARNEEREY QR PFERKHER
(Breitler et al. 2000, Mabqool et al. 2001, Husnain et al. 2002, Ramesh et al. 2004,
Chen et al. 2008). Z&RKLERRY CrylAb EHEEXAM P& BER—
EEFRAKBEMNARARERNBURFEREEZRN, FAEXS HHRERN
KEEASERIK (B3.2). XMEREMHES CrylAb(Wu et al. 2001)H1 Cry1C*(Ye et
al. 2009)F AFEEEFKRE P RZRNESAE. THEEEKEY SSB A PSB
KRR CrylAb BB EZRAAM PN BRE EENMAXE. X
B R EREE CrydC KHE 5 HR P (Chen et al. 20082). RE CrylAb #
G6Hézhoang 1R % B R & KAT, #ﬂﬁ%&‘ﬂﬁﬁf&%w {BERE L G6H3.
G6H4 1 G6HS MIFi B 4F, ZEH AR A HE—L. FriliXsiR Y GeH6
& CrylAb/Vip3H BHHIREE LB EI% SSB #1 PSB RILH RFHHatk, m
G6H6 HIXFBIFH BB RATRITLE T CrylAb/Vip3H & B ZEKRE &0
FREFEEHA R, MAH A BHREBRRERHFOABRBRERE—PH
R

EIRELET, SHIEHEREFAK Xiushui 110 FEL, # cryl Ab/vip3H
HBEKFS GoHI f 30 F iR H A bR MR bR 48 K BUE LTI AR E REVE KK
BEHENEREEEYN, HAHEMB CAEERFENRHERY, GeHl BEK

R KEMBEEES Xiushui 110 HEKE CAMBERERE EEER.G6HI X1

TR AV RN S ZATRERME B KBIXHE CENERE &5
F. # crylAbterylAc BAEREE Bt KRHEEFERIERSR, THRMARX
BRMANEHENFEEENSER— N AERIERRNIFEH, 2003). &
K&\ Nilaparvata lugens TEBU& FIF=BRES3%% crylAc /CpTI HL R KFETL A Bk
¥, EAY KEE LA R R B AR S ERKRB(EE, 2003). XAERHT
AREHMERMAREDKBASHERLRFGIRN. RAHHERIE. #
crylAc/sck WERF HKTER MSA. MSB. MSA4 BH/E, NEH CAMET
AMBHENEWE —ENER, BEEENONBYRAEEER, FERFAS
ERE KR ENHERL, R, MSA, MSB f MSA4 AR5 KB IELN
KIEE SR E EF(Liuetal. 2007b). CHHARKRBHE vip ZEERES R
ERBHL, KERAMTRIMNSHESEEERFTER, H Vip RIELN
ERAMNSBRIE S, XTEEANFEERRESEEEERENY /LB
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T R8T ZME ¥ cryl Ab BRABIE CEE KR FNEENS R

Y E £ 7B S B (Whitehouse et al. 2007b). Eit, BEARRENHMEZEH
BEREEFREYSENERBSEY EEREROEEAR, FEHTIRDT
HLUF AR A RE R R R,



HHLKF 8 £ H3C FUE # oyl Ab REABIE CAE KR ENEHENERB TN

FIE ¥ crylAb ZER/KEXNH ALK

KB MBI AN P

# Bt ZEFAUKEN _ME, RIERBHAEHESHEREE(Ye et al.
2001b, Han et al. 2006, 2007), #> THFERGHFEA, RBT —ENEFRE.
(BRHERRT REYNSNEER BT R — L BURRAN, FlnfEy &
SHMBER. EFRYANEERYRNOZNL, SRFE—LEENESRR.
Eit, EREBRRAMEEERAKRETFROESRBRINE, REXNHE
B dUK RS SRR B I A K R B ESHRIT I, #— P HER R LR
ERNAF-EMNAERRERBEERRAKBRRRAHEBAEEN.

BYARBFRAFTKBHENEES S, FANHER Bt ZERFH/KER
REEAR E R, BIRRKRBEF R B #F(Sogawa 1982), EMM A HEMERE
FIER “#h/0” (Bae and Pathak 1970). B EAMUAE 80 FAE, HECALERER
HA9fa EERED 50%Eh (EEFES, 2003). Hil, HAREEETE: B¢
AEHERKBREFER KRB MREA=ERTH (FXF, 2003a; FF
%%, 2003b; BRE%, 2004). 35 A\ HIRFE 305 (Chen et al. 2006b, Chen et al.
2007b, Li et al. 2007)%1 Bt #F &£ 7ZE48 K B4 A #15% B (Bernal et al. 2002, Bai et al.
2006). WXALEIIEERE4 K, FEFEHREEAR (BERFF, 2003),
BN RT REZ BB CAARREEERMAEW, FERE cylAb £
Bk KMD2 Ak, FERRZELH THEEMNRMEDFRHEHRT THA,
FH B RS ET T RE.
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L KF R L8 SE ¥ crylAb REABS CAE KR ANEENSRANIPH

4.1 MREE

4.1.1 K

HHRE oyl Ab KIBHLT R REVERL AR R KMD2. ZIANMRRFTH
M RoREEALKK, & crylAb ZEMEX Ubiquitin F3)F, HIEFERFE
@F Xiushui 11 A% R, FHRAKRBHE—H42FRRAER: 3 om, L: 25 cm)H KA
ERBLFEMER 1), BETREBANEEATBEAESF, HEFREEH:
B 28C+1C. XA (L: D) 14: 10h. JIRE 12000~14000 Lux. &fE 75
+5%(FRA), 3#F 30 BR=mBERRSAARPMIBREREA. 58
AEREBRTERMEN, BHEAFRNRBBHREIRA.

4.12 ftARBH

BYaXammmnE, £ERERARECERABERARZBERT KBTI
1 B)LELAFMLRFE. KETRESANFRAENERESR, KA
F&MER: BE28CHIC. AW (L:D) 14h: 10 h, F3&AE 3500~4000 Lux.
BE70+5%.

4.1.3 HEFEANX &

KMD2 & H 34 B8 Xiushui 11 5 R HH )RR T 2008 G/ 2009 FAEHTL A
M (120.12°E, 30.13° N) $HLKZRGBIF. HFESEN 2008 F 7 A 2 HA
20094 6 B 18 B, #BH—PABHTBR, BMARBRESEILEK 6 M
K, 2448 (B) Bt KREAI3E Bt KRR, 3AES, SPREKEIKAR. &
MEERL S 20 m x 35 m, MREH—FL 50 cm HERF, BMARE
U AR S TR ERMBARBARIT. BEEAFIBR, RBENEK
KEEERLEEREKRE, BBMEKPIREMRELHE.
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HHLRF M LRI FIE & crylAb ERARIE CAEKRENRENARBEL I

414 EHABNB CAEKEENEHENSABW

¥ KMD2 A Xiushui 11 BIF=SEBARBKERE PKE, EAKIBE A,
A%HHN, BABBATSBENNESR. =RE, BERENECEARE. £
GIRALE, 2h¥IBE A TFUTXR.

EBFHER 31T,

415 BEEIAKREA R AEK R MEEN AL

Y8R KMD2 A Xiushui 11 EMERNEABABRAS, ETRLHE
BEEHEE (ER15cm, B50cm) W, BARBFETR, ALAHEO0, K
FHRuEAFR AN, ZRE, HERE0RCERE. HFENLE, 12h
nEERATUTER.

EZRFER 318,

4.1.6 | ECEHAMEFRE

M20084E9 B2 HF 20094 8 B 19 BE, &M 7 XE#THAE KEHR
MBENERE, BEAFER 3L,

417 WYAHATNERE

2009 4, 7E KMD2 I Xiushui 11 #208E80. R8I, Hhilfl. MMM
BRBEHLAN X BERAS R 10 A, BEISRE, ERHETERBHROEIRE.
HOEERE. SNAEN. WRORE. SHEAIRE. BRIMAS. &
YANEHNEE = SHHEY / BABER x 100%.; FRETAEE = R
BE | HERE x 100%.
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4.2 BEEgaT

R BE R DPS (Tang and Feng, 2007) R 48 #1717 % 2 HT(ANOVA).
KK BRBKIABHE AL KR TNEENEREANER T Z4THFX
Fi Tukey JR¥EHET £ EHE. 185 C AR RAFHEHE AR KRB FED
#1 XA ANOVA ER B HEMHE. B BEKFIIHN p=0.05.

43 &R 500

4.3.1 HHIAKREME CREKRFHREN AW

WRERE A R R E AR KRBARARGE, BREFRZE
KELXRMERBEEHER (K 4.1, SEEEEKE Xiushui 11 ML, RE
KMD2 KFEH 1 670 2 KRB CAE RBEMEK T, BRENRM AR H KE
BEEW (£4.2). (B—R: tea =0.903,df=67,p=03696; 1 ya =2.9187,df=
543,p=0.005; t 25 =1.799, df=131,p=0.074;F _fX: ¢ HEH =0.583,df=70,p
=0.562; t BEH = 0.503, df =61, p=0.612; ¢ s =0.627,df =133, p=0.5313; 51
s twa =2.534, df =80, p=0.027; 1 ea =2.517,df =80, p=0.014; t 24=2.826, df =
162, p=0.053),

BYAMR RS TR RNEGZHRIFKBLARERHNEENZ®, |
RAHERABMERERKEZ ASREB AR AHFMHET (WERAR, BT
BRSNS TRAEGEBEERN, HABRAREER (R4D) (B~
R £ gs=0.974, df = 46.8, p=0.335; t ws= 0.339, df = 50.2, p= 0.736; t on= 0.447, df
=98.3,p=0.656;F "48: ta=2.109,df =65, p=0.039; t wa=3.253,df=51.2,p=
0.002; f +4=1.989, df = 120.5, p < 0.001; ZETU{R: ¢ gs=0.425,df=70,p=0.672; t n
4= 0.798, df=67.2, p = 0.428; t 25= 0.838, df = 145, p = 0. 403).

BYRANEHEZIABRENRIINEL YW, BREREZIKBRYEN
RAEEHEEDBW (X42) EREFEHERKR Xiushui 11 K, EF—K
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F, B& KMD2 M CEAMTHERERD, (MRATEREE (R32) (B
—f: 1=0.897,df=56,p=0373; FE_f: t=1202,df=45.7,p=0235; 5N
R: t=2.154,df= 69, p=0.035).

432 BEHKEN B CEEKRTMEENANBH

BYANERFAE (RElh) SARRRAKELYSRIEEQLN,
ERREZHRHNEN. SIHEEEKR Xiushui 11 A, A KMD2 K7E
B RF2RMBCASEHENERT, BRBNANHRERIEZEL WX
42)0 (CBE—AR: t4a =5.695,df=61,p<0.001;¢ s =4.067,df=63,p<0.001;75
= 5997, df=126,p<0.00; 5 =: ¢HER =3.937,df=68, p <0.001; 1 R =
2.621,df=60,p=0.011; f o5 =2.010,df =130, p=0.047; FEIR: tws =0.791, df
=68, p=0.432; t s =0.545, df =81, p=0.587; 1 os= 1.939, df = 132.8, p = 0.055).

BCABANENREZIABRM. RAKBEHERAMBEHEE,
3 B R R E KRR ER AR SRR CRRRFAETHERE
BEBEZER (R42). HaHEG. BAFGNEBRANEFS BRTEAD
£ KMD2 1 Xiushui 11 Z /8 t BB FBEN (F—R: 14a=1373,df=536,p
=0.176; t wa= 0.377, df = 63, p=0.708; t .= 0.6629, df = 120.4, p = 0.509;55 —A:

t k5= 1.194, df = 64, p = 0.237; t ua= 1.696, df = 55.2, p = 0.096; ¢ 2= 1.989, df =
122.3, p = 0.049; EPUR: fwa= 0.123, df = 66, p = 0.903; t ws= 0.209, df = 67, p =
0.835; £ 25= 0.233, df = 135, p=0.817).

BYANFE PRSI KBRUARIINEEYM, HRRAREVKREREM
RAUEEMBZRW (X 42) ERMEEAEFEKR Xiushui 11 1, REEE
E7k#E KMD2 H#8 X AE 1 R, FZRAE 4 REF=RED AT 25.6%,
21.5%%1 29.6%. FES—KH, A& KMD2 K& KA~ HE SRR IFEEEK
% Xiushui 11 A, ST MBAMERBE (R4 GE—: 1=2.613,
df=473,p=0012; E=R: 1=2.254,df=58,p=0.028; BHOM: 1=3.172,df =
66, p=0.002).
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433 B R HEEMEE

2008 R A B H IR CER BT TRE, RELARKY, B¢
AME R ESRIKEMEF=93.18,df =1, 4; p < 0.001). EUREESEI(F = 29.96,
df =8, 32; p < 0.001)FIKBEFH2K SEUHERT A ELYE(F = 2.86, df = 8, 32; p= 0.016)
W, B AR HEZIBEEREFE =22.59, df= 8, 32; p < 0.0 EEY
W, {HREESIAREEME=0.37,df =8, 32; p=0.574)F/KHE T 5B R 16
HAE(F=0.96,df= 1, 4; p= 0487 M FREBAE RN BHEZEKBRFEF =
171.84, df=1,4; p<0.001). EURERTAI(F = 45.80, df = 8, 32; p < 0.001)FI7K 75 7
FOERRERS [8) ELAE(F = 3.26, df = 8, 32; p = 0.008)F1 &M . KMD2 I Xiushui 11 H[d]
BYARREERE I MR ESANEEREER (Fig 41 F8), MEHFT=
AEEERTEI A (10 A 14 H. 10 A 21 HA1 10 A 28 B) #8KEE R KMD2 H
18] 9 2B B HEE Xiushui 11 EANHEEERENRE (Fig 4.7 F8H), FEATE
AR B AIE S HE KMD2 HIR R SR BR =0 R R EHE Xuishui 11
HEMEE B ENE (Figd.l TH). KMD2 HiaMR CAMBE—EEDRE
$Z T, T Xiushui 11 FB A8 CASETE 10 A 147010 A 21 BRMRERE
BREFEEIFZ LM (Fig4.1 TH).

2009 EX AR BB CARNEHSHITTHE, RESRKN, B
ANE BB ZRKBMAEF =69.52,df=1,4; p=0.001). BEERT[E](F=138.32,
df=8,32; p < 0.00)FIKREF X SEEER R EAE(F = 52.72, df = 8, 32; p < 0.001)
IS 38 % B ) B B 2 BV ERRE R R (F =11.06, df = 8, 32; p < 0.00NHI B E
W, HEREZIKERME =027, df =1, 4; p = 0.634)F/KHE & GBI E
HAE(F=029,df=1,4; p=0964)MZM; REME RN EREZEKBRFEF=
50.71, df= 1, 4; p = 0.002) BREERTEI(F = 92.20, df = 8, 32; p < 0.001)F/KAE B FF A0
B RERT (] EL{E(F = 33.74, df = 8, 32; p = 0.008)# ™. KMD2 #l Xiushui 11 H[8]
BYRRRSEE 9 MR A ANKBREER (Fig4.2 T8), MERHN
AEEREAS (9A23H. 9A30H. 10 A7HM10 A 14 B) BAERE
KMD2 H[@f$ BE A Xiushui 11 BRAIMHKEEZENRKT (Fig4.2 73,
3 BB AR R RE DA EHE KMD2 BiEMHEE=MAEREA (9 A 23
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Note: “Two-factor ANOVA.: for the males, Fiice ype = 4.08, df = 1, 222, p = 0.045; Figenerstion = 6.13,
df =2, 222, p = 0.003; Fce yypetgenerstion = 0.54, df = 2, 222, p = 0.584; for the females, Frice ype =
9.16, df = 1,208, p = 0.003; Fyenersion = 1.28, df =2, 208, p = 0.282; Frice typesgenersion = 1.01, df =2,
208, p = 0.368; for the total, Frice ype = 8.70, df = 1,431, p = 0.003; Fyenersion = 3.38, df= 2,431, p
= 0.035; Flice type*gencration = 0.98, df = 2,431, p=0.377.

YTwo-factor ANOVA: for the males, Frice ype = 0.23, df = 1,199, p = 0.630; Fgenerion = 1.07, ar=2,
199, p = 0.346; Frice type*generation = 2.81, df =2, 199, p = 0.063; for the females, Fiice ype = 2.66, df =
1, 196, p = 0.105; Fyenersiion = 4.75, @f = 2, 196, p = 0.010; Fiice typesgencration = 3.98, df = 2,196, p =
0.020; for the total, Frice ype = 1.92, df = 1, 396, p = 0.167; Fyenerasion = 4.30, df = 2, 396, p = 0.014;
Frice type* generstion = 6.10, df = 2, 396, p = 0.003.

“Two-factor ANOVA: Fiice rype = 6.06, df = 1, 188, p = 0.015; Fyencration = 29.79, df = 2, 188, p <
0.001; Frice typesgeneration = 0.81, df =2, 188, p = 0.448.

Data are represented as means = SEM. Values followed by different lowercase letters within the
same column differ significantly according to two-factor ANOVA and Tukey’s multiple-range test.
Within the same column, the symbols in the parentheses indicate significant differences in the
same parameter for the same generation between KMD2 and Xiushui 11 according to t-test.

& ONEEFEST: B, F xean =4.08,df=1,222,p=0.045; F e =6.13,df=2,222,p=
0.003; F xmasaem = 0.54, df =2, 222, p=0.584; BER, Fxmaw =9.16,d= 1,208, p=0.003; Fr
w =128 df=2,208, p=0.282; F xmamaem = 1.01, df =2, 208, p = 0.368; BH, F xman =8.70,
df=1, 431, p=0.003; F ns = 3.38, df =2, 431, p = 0.035; F smameen =098, df=2,431,p=
0.377.

bRREFEMT: R, F amaw =023, df= 1,199, p=0.630; Fn = 1.07,df = 2,199, p =
0.346; F xpamen =2.81,df=2, 199, p=0.063; BER, F xean =2.66,df=1,196,p=0.105; F &
w =475, df=2,196, p = 0.010; F xxanem = 3.98,df=2, 196, p=0.020; B, F xean =192,
df=1,396, p=0.167; F rs = 4.30, df = 2, 396, p = 0.014; F sxxameen = 6.10,df = 2,396, p =
0.003.

EEHENT: F xwan =6.06,df=1, 188, p=0.015; F s =29.79, df =2, 188, p <0.001; F
xeamen =0.81,d1=2, 188, p=0.448.

B SR H T+ ARAER . Tukey ZEHRMBNEEH EFNEH, FASIFARNIEF
BHSERALERSWEEE. ZERA—FIF, *RET KMD2 A Xiushui 11 HRRAAEREY
¥SH2 M BT WRMTERZEEKT.
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Note: “Two-factor ANOVA: for the males, Frice type = 30.52, df = 1, 202, p < 0.001; Fyenerssion = 2.17,
df =2, 202, p = 0.117; Fiice typergeneration = 4-31, df = 2, 202, p = 0.015; for the females, Fice ype =
13.70, df = 1, 209, p < 0.001; Fyenecation = 1.63, df = 2, 209, p = 0.198; Frice type*genension = 2.07, df =
2,209, p = 0.129; for the total, Frice ype = 33.79, df = 1, 412, p < 0.001; Fyenermion = 1.17, df =2, 412,
P =0.311; Frice ypergeneration = 3.22, df = 2, 412, p = 0.041.

5Two-factor ANOVA: for the males, Frice type = 0.03, df = 1, 196, p = 0.870; Fgenersion = 1.13, df=2,
196, p = 0.325; Frice type*gencration = 1.38, df = 2, 196, p = 0.253; for the females, Frice ype = 1.64, df =
1, 197, p = 0.2022; Fyenention = 0.90, df = 2, 197, p = 0.409; Frice type*genermion = 0.58, df =2, 197, p =
0.562; for the total, Fce ipe = 0.92, df = 1,394, p = 0.338; Fyenerstion = 2.02, df = 2,394, p = 0.134;
Fice ypetgeneration = 1.69, df =2, 394, p = 0.186. _

“Two-factor ANOVA: Fiice yype = 20.97, df = 1, 186, p < 0.001; Fgeneration = 955, df = 2, 186, p <
0.001; Frice type*generation = 0.90, df = 2, 186, p = 0.408.

Data are represented as means + SEM. Values followed by different lowercase letters within the
same column differ significantly according to two-factor ANOVA and Tukey’s multiple-range test.
Within the same column, the symbols in the parentheses indicate significant differences in the
same parameter for the same generation between KMD2 and Xiushui 11 according to #-test.

i CNEEFELN: BH, F aman =30.52,df=1,202,p<0.001; F am =2.17,df=2,202, p
=0.117; F sxmamaen =431, df=2,202, p=0.015; #EH, F xman = 13.70, df = 1,209, p <0.001;
Fre =1.63,df=2,209, p=0.198; F xsansem =2.07, df =2, 209, p = 0.129; B, F xman =
33.79,df= 1,412, p < 0.001; F aw = 1.17,df = 2,412, p = 0.311; F smauxrn =3.22, df=2,412,
p=0.041.

bYEEFEMT: B, F xmaw =003, df = 1,196, p = 0.870; Fum = 1.13,df =2, 196, p =
0.325; F xmanenm = 1.38,df =2, 196, p =0.253; BEHL, F sean = 1.64,df=1,197,p=02022; F
am =0.90, df=2, 197, p=0.409; F smansn =0.58,df=2,197, p=0.562; BH, F xean =0.92,
df=1,394, p=0.338; Fuw =202, df=2,39, p=0.134; F xgawen = 1.69,df=2,394,p=
0.186.

CHNEREFEST: F xnan =20.97,df= 1,186, p <0.001; F yg =9.55, df =2, 186, p <0.001; F
wuanen =0.90,df=2, 186, p = 0.408.

B b S0 A £ AR Tukey SELMMRTEE S EAVEA, FIFFRNEF
BHBEAERSHEEE. £R—FF, *KET KMD2 1 Xiushui 11 #HRRFEREY
¥SH 26 T MR EREEEKTF.
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No. of N. lugens per plant

Sample date (Day/Month)
02/09 09/09 16/09 23/09 30/09 07110 14/10 21110 28/10

@ non-Bt

Nymph = B

- — - Economic threshold

}-— Tullenng ———}-Jomtlng—*——— Headmg . | : Filling : - Mature|
Rice developmental stage
B 4.1: 2008 iR KRB EMHHE
Fig 4.1 The population dynamic of N. lugens in KMD?2 and Xiushui 11 in field in 2008

H. 10878510 8 14 H) EW Xiushui 11 BEIKHEEENK (Fig 4.2
TF&B). KMD2 1 Xiushui 11 B E 48 CAMKE—HEEHERZT (Fig 4.2
T
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Sample date (Day/Month)
19/08 26/08 02009 09/09 16/09 23/09 3009 07110 14/10
35 ' ' ; 4 2 e 1 i 1
Nymph p— ——

g

No. of N. lugens per plant
PSS

«

Total o o« Economic threshold

[

Heading 1‘ Filling

|ointing }

p—Tillering
Rice developmental stage
A 4.2: 2009 48 CRBEFHEZE
Fig 4.2 The population dynamic of N. lugens in KMD2 and Xiushui 11 in field in 2009

4.3.4 KEHEB CAZHERE

ME 42 FATLIEH, KMD2 BElEHKAERTH. M. ZEAN8RMN
4 EE R EE GERRA RS EEA) B Xiushui 11 HIH Y 8 #IFEK, KMD2
Wbk F B R E B EMET Xiushui 11 LAY, 3 H KMD2 Hik £
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SRR R RENAN R R B R T X PR E (R AU AR

100 - Bt e non-Bt .

% tillers with eggs

No. of egg masses per tiller

.. 100 - 3
2
= 801
g
5%
S 40
g

20 4

0 |l | .

Tillering Jointing Heading Filiing
Rice developmental stages

43: BYAHERZEKBARRATHHO~HE
Fig 4.3 The egg production of N. lugens in KMD?2 and Xiushui 11 field at differential rice

developmental stages
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s P m MP . UP
Titlering Jointing Heading Filting Mature
100 -
80 o
60 4
40 ..

e\ @ @ e*(é,o‘ f

. Bt GEEN non-Bt .

Relative position of ovipasition (%)

Tillering Jointing Heading Filling Mature

Rice Developmental stages
4.4: 2009 & CRERZARAR AR H BN AR
Fig 4.4 The relative position of N. lugens in KMD?2 and Xiushui 11 field at different rice
developmental stages

B CEEHEE KMD2 Hi#k LT B R LB R M EBTAR (B
T4ES), T Xiushui 11 ##k LR PR BRE KBREKTAR (Fig
44 F#). 3 HiBCEAL KMD2 il Xiushui 11 R FHFREEFEEEER,
EAER. K. HEMERN, £ KMD2 RIS KARKNMERLAE
Xiushui 11 L#9%, AL EBRMEIMERMANEEER. LT, EZHEK
LB AT # HXT B A 0 - 20.00%). 3 GHXFE A 20.01 - 40.00%)
FOF 85 X EE 5 >40.01%) B & (9L th R RAAR (Fig 4. 4 £ 7 KMD2
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TR R IRZE 2 B R SRR RS> F HAE Xiushui 11 £,
fiZe KMD2 EERRISRER T Bgiish, HHBI—E®ET Xiushui 11 £K (Fig 4.4
_t{ﬂ;)n

4.4 NG

AFRRPAELREEHT, SHEFRERFAKS Xiushui 11 ML, ¥
cryl Ab KT8 KMD2 ) 30 B I8 i FO Sk A AR 3 48 K BLUE L RIS R
EKRERAZEKAZHETR, FERRB CAELERFNAERYN, KMD2
Hid 8 CARBESEEDTF Xiushui 11 BEME CAREEE. SERAARY
1% T« B B ZE Xiushui 11, KMD1 # KMD2 LSRR EEEER, L
KMD2 tHAH CAMREEMEEETARNAMH LEA; KMDI M KMD2 L
EY Y RNERPEEETHK 11 LHN(AE, 2006), X#KH KMD2 AJGERY
YAKEHE—EHNEEER. BEHRERRY, ¥ oylAb ZFHKTE KMD2
F1KMD1 5 EAEHEREREKR Xiushui 11 BK T RBE D HE R FIMHFE
16 T 72 JR B (Akhtar et al. 2010).

HRAOBEAERAENTHBNE, SHYZANXEREE. CHHAR
& Vip EE L AR AR BE RS L, XU RRRNRERBESFRER
BRI AT E RS M(Whitehouse et al. 2007b). Xt i B REAR M 44
PBEHROBRTETRERCANEKREEEEEX. AHAKANR
KMD2 ARG KRR R E KRB R IR MOME, REARTRSSMNEER
BASBHRBLEYARM3IE. Fr, HiEKMD2 Bk Ly8EH. K1,
. EXPHRBAN SR RS ER, BCARRENERERELR
FAIEEEFKTE Xiushui 11 BRAMNESD, BB CANRUEER T BRALUS
HEW Xiushui 11 BAGE L%, BYAAFHREENSE, HERKE
B Z R BN S SR BARENZN, Rt HEE CARANHEE
HERKBNERERARNREER, TSREENRUR A A HRAMH
HEMEERE, IRXATHEHRENBREENEREM. MMNFEEN
FBATRSB T ABHYBEMRERE, #MIBTH RS PUENEL,
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B— A E YR E RS T Bt T AR R BT IR E SRR,

[T} 2R e
#F 4 cryl Ab EE7KAS KMD i 4E8EAR S A K R R VIR, T3 T

AR AR E R BN R EH. B EE .
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LK ¥ LR FRE BAREHERKENRCGEERRT N REN SRR

BHE RARRBEFKENECAREK

ya-Filk JiEOE e A )

B UEREANEF O HEMERITET, £YRRERAT RV
F 197 4 SRV R HE R R — /A& #(Sticklen 2009). HRT, EBHHE,
MR FBOBA B THRR BLMARRFERYTRREDHE 8RN
T BAENER . KRAEDRER T NG S EDRE REDHUI R ZEY)
18 (Sticklen 2007), XEMEVEEMRFEYFIRE T RIE. Fib, WEBR
MA S RENER EHRRH T XEMBANE, BEBREGT, BLREL
R YIREH A R 4 B B S R IR 3 BB 5 AR 1, KRR oK
AR A58 TR A SR S0 TR SR T B R B PR AR L T K58 KRR E R VIR
AL LTS R A ETAL AN KB F1KB¥(Ragauskas et al. 2006). it
SRR bR R KRR R R AR R REDRR R EA. BR
ALK AR 20 MR R AE WD A (R B R . UL AT 4 R EE AR
EYRNTREBELRAR—F, RMIRARET ZHIRANE. AREAVIE

(endo-1,4-b-glucanase, E.C3.2.1.4). HE MM IBE (exo-cellobiohydrolase,

E.C.3.2.1.91) 1B -#H%$E1 8 (B-glucosidase, E.C.3.2.21) (Tomme et al. 1995).
KB AT U B AR, BT LB 53 SNBBRENMEN
R RBEMNTIE SR LB, KRB BFRAEF T LU S K A K B 72
B AL RS . O A7 4 B R\ BI7K RS & AT LARD i D3R 49 FF FE1RZE I
TP EREYBHRA, KERETHRBERRERRANEDRE. FX
SHB B AR EBERKRERT T CANESR AT, HEAE
FHEEKBRERNEVREY RS ITVISFE.
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5.1 MBETE

5.1.1 BtiAKR

fitiR%% cellobiohydrolase (44 —¥iRE) BFEKRE AT R, KIERAS &
% 29-1 }179-2. ZHARREFETHALE Ry 3464, &F Cellobiohydrolase %
FEFKEEE Z(Ubiqutin-1)BE1F, 3 B&% GFP #xic ZH . ftif## endoglucanase
GERBATIE ERABNILT R RIERBASRER 28-1 71 28-4. XA
ZEFMIH Ry fSk4bbk, & endoglucanase ZEFEFKFEZ E (Ubiqutin-1)
BT, #*AAEE GFP WFitER. HREAERHSE S (cellulose binding
domain) EEARNLTF R RIERLA SR CBD-1 71 CBD-3. EFHA M AR
FHILH Ry R\, SEAEEBLEABERMAKRBZR (Ubiqutin-1) f53)
¥, #H4%H GFPiFiCER, HIEBEFERSF Xiushui 11 HXE. fdK
B — 89 FRRER: 3 om, L: 25 cm) ARAEFBIEFRME 1), BETE
BB AT URB WIS, KEFAMN: B 28C+1C. AR (L:D)
14: 10h. JE3RAE 12000~14000 Lux. ¥EAE 75£5%(FR), J&F 30 HEE=mHn
HERSHA R MOBRERRA. BB EHEEETERMEA, B
ARBBR A B E R,

5.1.2 #HABRH

BEAZAVNEE, EHREGRE CERRBFRREERTKB(TH
1 9) bEgERNTRME. KE TRESANFRZEARRER, L5
F&Mh: BE28C£1°C. AW (L:D) 14h:10h. JIRE 3500~4000 Lux.
B 70£5%.

5.1.3 AEFHERMX T

79-2 & HCxTER Xiushui 11 5 R B HERE F 2008 571 2009 E7EHITEHM




BHLA¥ LRI FRE HAEENERKBR CREKRENRBNSARANEL

i (120.12° E, 30.13° N) #HLRFRRRGEF. IR EN 2008 57 A 2
Af120094E 6 A 18 H, #H—PABRITBR, SIMRRBERBEIEHEFKX6
PR, 2 4EER (BP 29-2 F13E Xiushuill), 3NER, & PKIEEHIKAR .
ZARERAH 20 m x 35 m, HREHU—EEL 50 cm HERTF, BMAR
HEP AR 5 TEREEMBARIRET. BERLFIBR, RREA
MAREERREEEKE, BEMKEIREARALE,

5.1.4 KREHPMNE CERNIEEE

FABEFMFRETEZEBERNEEHEN 268C+3.47C) B EEH(60
cm x 50 cm x 10 cm) & 3 AMMK, BAMNK 10 M&FIN2 ME(TND AER
SR, IR72 HHAXE) . FRF 11T 10 5, DAXBEVHS. 2 0 10
FBEEN 1~2 R CEAHE R 8~10 k. LBARHH TN FLHRIE 70%H,
BHREE A EHEEK, £ TN 28R IFEEAHREFRE 1),
SFREN 1~5 BT, £ IN1 &9 FEH*LLEBEREFTRNE
N3, SRR EZ(1999) 875 i%, PFE &b B5FHI(durable resistance period)
(®52) .

- 5.1.5 KRESBRIIN S CEMHUEE R

ME R SRR RE SR MRS EERRRNE—- SR, £
5 B IR R SRR AEKRES, BHF 11T 10 5k¢UTK S0cm , THE 10cm, ¥
55 cm), EE 3K, BENLESI, ER 10T 1 TERRAM TNL. 40 dEAH
RIESAELYERAREEHOB KA 2~3 RER3I~4 L, LHRREE. &
N1 % 7 ZRFHAE. EREAFNZESL SRIJEE 1K, REB
HESERETENNSR. NTHREN 1~5 RMTERF, £TINIEIZFH
SMBLEEHLSEEROBNHTFIJAE IR E18dik. ATNI HIH
BHEAR AL LA E 7~9 ZEHIH0 3 d LREARHIE 5.2).
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HHLKF @ LRI PRE HASEMERARHR CAEKRENBENSCUR T

£51 ABARMIRCREEIRRE

Table 5.1 Evaluation standard for resistance of varieties to the brownplanthopper.

AL g TEKF

Grade Dead plant s/ % Resistance level
0 0.0 %% Immune
1 1.0~10.0 # 4 Highly resistant
3 10. 1~30.0 #iH Resistant
5 30. 1~50.0 thHi Moderately resistant
7 50. 1~70.0 th /R Moderately sensitive
9 >70.1 B Sensitive

5.1.6 BEiE AWl

B Z9-2 R HEAJESE AR KR Xiushui 11 30 BEFEEH FEZEHE (50
mM HIESER %% pH {4 5.5, 100 mM f9 NaCl, 10% v/v Hili, 0.5mM KJZ_f&N
ZE, 1 mM BEFEEEEER, 1 mg/laprotinin FEKEE, 1 mg/l leupeptin FAKE,
1 mg/l MWEKF) PHBLAEK, BERHDMA 2 pl FEEARETRITE.
15000 g B0 5min, B L. YK# 30 min /5, 15000 g BREL S min. B EH
WRBELREHTHEANE. REBY 50 mM RS pH 55, 100 mM
NaCl, 0.5 mM 4- methylumbelliferyl B -D-cellobioside (MUC) (Sigma). MUC #
A ERKBEIEFE 4-methylumbelliferone K% %67, B 96 LK, B4 A
M 4 pl FIRER, B0 100 pl KA. 96 FRREEERE 65C THE 30 min
T 100 pl Z4E3 (0.15 M BEZB) K IER L. )65 5 KABIRX (Bio-Tek,
USA) (A ex 360 nm, A em 465 nm)#HATR .

517 BHARMEXAEKRENEENAREH

% 79-1 7 Xiushui 11 M= BEBAXBHEREFKE, BARBE LA,
A0, BPAESBALSREAESR. =RE, #F0/E MR CARE. f
BRSALE, 12h Ml ESRATUT LR,

EBFER 3.1.7
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BT K# 18X BRE BAERRERKEMBCAEKRENKHENSREITH

#52 KREEFARRCRIFAMIEO AR

Table 5.2 Evaluation standard for durable resistance of rice varieties to the brown

planthopper.
%3 EL: 54730
Grade Seedling Adult
T FHiH (ND) No durable resistance 0 0
KPR (SD)  Short durable resistance 1~2 1~7
fEH (MD) Middle durable resistance ~ 5~10 10~13
K#HH (LD) Long durable resistance 211 >16

5.1.8 BAREIAKR IR CAEKRENEHNAREZW

Y5 BE) 28-4 70 Xiushui 11 MERMENBANERA S, BTRLHHE
BERIEE (HA 15em, #50cm) A, BAFNB KR, AYHHEO, KT
S NEE LR, =XE, BEiERNR CERS . FIRRILE, 1203
wERATUTER.

EBTTER 3.1.8.

51.9 B YAHAMERE

M20084E 8 19 HEI 10 A9RM200958 A 15HZ 10 A 15 H, HH
10 Ri#ATHE\ CABRAMFRERE, BEHFZER3.19.

52 HEGH T

RIBHER DPS RARMHTHENANOVA). HHIK BRI
B ALK RENEENEUXAREESEMTHRA Tukey MBZET
FEE. BYRBEAMBHSITRAEINERTEMI T E. FFEEEKT
¥4 p=0.05

4



BT K¥ 18183 SRE HAERNERKENR CREKRENBRO AR BT

53 R 54547

53.1 KBXE CEMTE RN

VLR 53)KRHM, FRE 281, Z8-4. Z9-1. Z9-2. CBD-1 Bk CBD-3
EH PR RERA LB AN S B, WHEAIEHERKRE Xiushui 11
HRSRRERHATR TETFBAH. HFELABAKRES TN #HETRE
B 70%, 29-2 fIEFET-RILE] 100%, Z8-1 F Z8-4 MIEFET-Ri5E] 80%, Z9-1.
CBD-1 fl CBD-3 B FLT- Rk B 70%. £ F 79-2 %15 C AW A FE b A —L,
PATIEER 29-2 ARRHITIRK

# 53 RRABRHEHNARESIHE CANALE L

Table 5.3 Comparison for resistance of rice varieties at seedling and adult stages to N,

lugens.

Seedling stage Adult stage
Variety Resistance Du_rable Dug'ablc Resistance Du!'able Durable

grade resistance  resistance grade resistance  resistance

Period/d  level Period/d  level

IR72 1~3 >7 MD 3~5 210 MD
TNI 9 0 ND 9 0 ND
Xiushui 11 5~7 2 SD 5~1 4 SD
Z8-1 9 0 ND 9 0 ND
Z8-4 9 0 ND 9 0 ND
29-1 9 0 ND 9 0 ND
79-2 9 0 ND 9 0 ND
CBD-1 9 0 ND 9 0 ND
CBD-3 9 0 ND 9 0 ND

53.2 BHEHWE

W 5.1 iz, 29-2 hAAEEREHEL TNI 95, H# B, JRFFHE
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Bk Xiushui 11 AARBEEEER TNI E—L,

900
800
700
[
%600'
2 500
[
g 400 |
3
= 300 r
200
100
0

29-2 Tnl Xiushui 11

A 5.1 FRAKBRMEATOLE

Fig 5.1 Fluorence in different rice varieties

533 BEKBEHECAREKRENEEN AT

BCANE RHEAZRBER. RERKBERAKREXRERH BN
B (£ 45). SIFEHEKS Xiushui 11 48, A 29-2 KFE#8 CEE HER
TE—RAE-ROBEREEEERZN, HANRKENRAREEEER (R
45)s (B—1R: tua =0.248,df=67,p=0.805; t us =3.507, df =44.8,p=0.001;¢
ox = 1,952, df=131,p=0.053; 5 =fR: t BEH =0337,df=70,p=0.737; ¢t R =
2.53,df=61,p=0.014; ¢ .u = 1.824, df=133,p=0.070; FPH:1 s =0.396, df =
69.4, p = 0.694; t wa =0.997, df =80, p = 0.322; t 4u= 0.876, df= 1532, p=0.382).

BYARENEGREZIKBRM. RIUEKBEHNSKANELENZW,
3 BA RT3 B KRS R AR R K RS 2 I B A0E K B R R gt AT LBt
REBEER (RS, BRFH . ELFHMLWARMFGE 29-2 F Xiushui
N2 RRREEEEER(E—R: taa=0.745, df = 47.1, p= 0.460; t ns= 0.241,
df=58, p=0.810; ¢ s4= 0.395, df = 103.6, p = 0.694; 3 —fX: t eu= 1.674,df = 64,p =
0.099; ¢ ws= 0.872, df = 60, p= 0.387; t 2a= 1.861, df =126, p=0.651; FEVUI: rua
=0.800, df = 68, p = 0.4275; t ua= 0.444, df = 72, p = 0.659; t 24= 0.905, df = 142, p =
0.367).

BYEANEHEZIARMNEEZEZH, ERRARIKBRAENKBRES
RIEEEMBERW 4.5). £F—RF, HE 292 HETANTHESNR
JesE KR Xiushui 11 4L, F—H 292 AR BE LR Xiushui 11
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MEERE, B-RNBNKRMZRERT  ARIMERFEE (R45) (B
—fR:  +=2.409, df=56, p=0.045; HEAX: t=1.850,df=48.7, p=0.071; FHY
R £=0.326,df=52.8, p=0.746).

534 BARAKRENE CAEKRANEENANEH

BYANFLNPRTREAMRENRAZRIMEELWI, LEBRZK
BEY., RARKBEREMKBRYSRANEEHER (R5.6). SERERK
#& Xiushui 11 FEL, BU& 29-2 KIEH L AE AR ENAREEEER (R 5.6,

(B~ tes =0.135,df = 61, p = 0.893; tua = 0.800, df = 60, p = 0.427; t on=
0308, df = 123, p = 0.758; B_f: R =0.141, df = 63, p = 0.888; r it =
0.241,df=49.2,p=0.811; t s =0.231,df=117.8, p=0.817; FHIIfL:1 s =0.004,
df =63, p=0.997; tus = 0.941, df = 65.9, p = 0.350; £ 25 = 0.171, df = 139, p =
0.865 0.891, df = 64, p=0.376; t ga = 0.516, df = 58.5, p = 0.608; t 24= 0.237, df =
132, p=0.813).

BYARRMHFRRAEZEKBER. RIEKBEAINSKAEENZM,
3 EA (MR R RK R A ERAKRBZ HEAE CARRFmET RS
BREBEER (R5.6). BiFa, EREGNLSTRBKFEERTE K%
REREEEFERS, HAME 29-2 F Xivshui 11 2]t HREZHFEBEER (B
—f8: £ gs=2.303, df = 58, p = 0.025; £ wa= 0.059, df = 59, p = 0.953; t e5= 1.533, df =
1102, p = 0.128;F —18: ¢ ea= 0.006, df = 60, p = 0.995; t ws= 0.112, df = 62, p =
0.911; ¢ +5= 0.069, df = 124, p = 0.945; FVUK: 1 4s=0.616,df=47.1,p=0.541;t
&= 1.591, df=62, p=0.117; t o5=4.430, df = 101.9, p = 0.156).

BYANFHERIRINEZ YW, ERAERIKBRUENKBRYS
RIEAEMBEEZMW (5.6). £ —RF, NE 292 KB AN HESRE
JeE£EEKAE Xiushui 11 A, FIRMFRERENEMNT, ME-RMEN
RGPS ERT MR ERTEE (R5.6) (B—: 1=0613,df=47.1,p
=0.543; B ¢=1213, df =58, p=0.230; FEWEK: 1=2.193,df =49, p=
0.033).
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HHL K ¥ 1§ -Ei23C FRE HAEREERKRNE AL KRN EEHARBRLITH

53.5 KA HEMEIE

2008 SER A AEN IR CAMBBRTTRE, AEERKY, B¢
AMERR RS KBERHEF=78.10,d=1,4,p<0.00)MEZEW, BERRA
SRR [R](F = 2.39, df = 5, 30; p = 0.075)F/KFEHF % SER R R EAE(F = 0.61,
df=5,30; p=0.695)1 M ; 8 €A RIEEZ BN [E](F = 6.40, df =5, 30;
p=000DHBEZM, EREBZIKBHFME=4.15,4df=1,4;p=0.111)F1K
&b S BRI R ELAE(F =2.36, df = 5, 30; p = 0.07) I M; BLANMERKEH
B2 BKIBEFIEF = 53.68, df = 1, 4; p = 0.002) FIBUAEET [&1(F = 5.08, df = 5, 20; p
=000 BEZM, BREEZEKBEHF MR HEEWF= 124, df=5, 30;
p=0327IEM. Z9-2 F Xiushui 11 HEH CEERHEEN RN AL (8
B29H.98198.9H29BM10A9R) BEREER (Fig 5.2 L&),
BEHEERIMREENRES OB 19BMIB29B) FEBEER (Figs2F
), 3 BB C R RS B B 29-2 MR EBE=ARRES O A9 B,
9B 19 A9 B 29 H) EEER T Xuishui 11 BEKHE (Fig52 TH).

2009 ER AR MR BB CEFEHEETTRE, HEERRYN, B
AHE RS ESBEERA] (F=13.64,df=5,30;p< 000 B EZM, HER
BHREKIEFE (F=483,df =1, 4 p = 0.093)FHKREFE SR A EIEF =
1.57,df=5,30; p=0213) ;B CABRNBEARKBRFEF=0.28,df=
1,4; p=0.625). ERFERTIEI(F = 27.82, df = 5, 30; p < 0.00 ) MK &b SHUF RS ()
HAE(F =037, df= 5, 30; p = 0.866)FILMH; RLARAE RIS HER AR RIF
=26.45,df=5,20; p<0.00)F B EZLW, BRREZIKBREFHEF=3.84,df=1,
4; p = 0.122)FI7/K 78 B AR A BURE RS [E) ELAE(F = 0.97, df = 5, 30; p = 0.460)AI M4
79-2 1 Xiushui 11 HAB XALEEHERTEI A 19 BFEREERZS K
LMRAHIEEREER (Figs3 £#), REAFBRERIHEAAFENFES
£2 (Fig5.3 F85), 3 BE KR RS R BEIE 292 HEMEEEIA9
HERE® T4 Xuishui 11 HEKEHE (Fig5.3 T#).
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BHLK¥E L X BHE HAEEMERKBME AL KR I RENSALRETFHN

Note: “Two-factor ANOVA: for the males, Fice ype = 0.31, df = 1, 222, p = 0.576; Fyenerstion = 6.43,
df = 2,222, p = 0.002; Frice yype*gencration = 0.01, df = 2, 222, p = 0.995; for the females, Fice ype =
14.69, df =1, 208, p < 0.001; Fyenerstion = 2.65, df =2, 208, p = 0.073; Frice ypergenerstion = 1.18, df =
2,208, p = 0.308; for the total, Fce ype = 7.20, df = 1,431, p = 0.008; Fyeneration = 4.98, df = 2,431,
P =0.007; Frice type*generation = 0.40, df =2, 4317, p= 0.667.

bTwo-factor ANOVA: for the males, Frice type = 0.01,df = 1, 196, p = 0.930; Fyenermion = 1.86, df =2,
196, p = 0.158; Flice type*generation = 2.03, df =2, 196, p = 0. 134; for the females, Fiice iype = 0.15, df =
1, 195, p = 0.695; Feenerstion = 2.01, df =2, 195, p = 0.137; Frice typesgenention = 0.38, df = 2, 195, p =
0.683; for the total, Fiiceype = 0.11, df = 1,392, p = 0.746; Fyenerasion = 3.75, df = 2, 392, p = 0.024;
Fice type*generation = 210, df =2, 392, p=0.124.

“Two-factor ANOVA: Fricewpe = 3.19, df = 1, 185, p = 0. 076; Fyencrution = 34.09, df = 2, 185, p <
0.001; Fiice type*generation = 0.94, df = 2, 185, p=0.392.

Data are represented as means + SEM. Values followed by different lowercase letters within the
same column differ significantly according to two-factor ANOVA and Tukey’s multiple-range test.
Within the same column, the symbols in the parentheses indicate significant differences in the
same parameter for the same generation between Z9-2 and Xiushui 11 according to #test.

e ONEEFENT: HER, F aman =031, df=1,222,p=0.576; F eu =6.43,df=2,222,p=
0.002; F xmamen = 0.01, df=2, 222, p=0.995; for the females, F xman = 14.69,df= 1,208, p <
0.001; F sy =2.65, df =2, 208, p=0.073; F xmanden = 1.18, df=2, 208, p = 0.308; for the total,
Fxuas =7.20,df=1,431, p=0.008; Frm =4.98,df=2,431,p=0.007; F xgansem =040, df =
2,4317,p=0.667.

bTwo-factor ANOVA: for the males, F xmew = 0.01,df=1, 196, p =0.930; F «n = 1.86, df = 2,
196, p = 0.158; F xmam<n = 2.03,df =2, 196, p = 0. 134; for the females, F xxaw =0.15,df= 1,
195, p=0.695; F am =2.01,df=2, 195, p = 0.137; F sanxtem = 0.38, df =2, 195, p = 0.683; for
the total, F xeas =0.11,df= 1,392, p=0.746; F am =3.75, df = 2,392, p= 0.024; F xeamen =
2.10,d=2,392,p=0.124.

“Two-factor ANOVA: Fxean =3.19,df=1, 185, p=0.076; Frm =34.09,df=2, 185, p <0.001;
F xmawen =0.94, df =2, 185, p=0.392.

B SR A TR+ R, Tukey FEUBRMRREAZFEHNRN, AFIFARAIETF
BUHREAERSMEEE. ER—FIF, *RET 29-2 A Xiushui 11 HRARAERLED#
BRI AT I MRAFEREDEAT.
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(oc=u) (09 =u) (g =vu) (og=u) L=u) = (Zg=1u)
11 mysarx
BOOLEFL6LLY ©VOIFI'6l QRLUIFSSl  BHLIFL61  BHI'OFOEl BLIOFOPI BLIOFOED
(ye=1u) Lo=uw g =) (cc=u) (L9=u) pe=u) (ce=u)
T-6Z
() B PTETFOSLS ©LOOFR0T ©YSOFLOZ BIOIF60TZ eBTIOFYEl eOl'0FTHPl  BHI0F6TY .
(0oe=1 (Z9=1) Zg=w) (oe=uw) 9= (1g=w (Zg=u)
11 nysnrx
QZOSTFEESE BGLOF6SI Qe L80FL'S8] BOZIFI'6Z ®BZI'OFSEl ©CZI'OFOFl ®OTOFIEL
(0g=u) 9 =u) (zg=u) (ze=1) W9 =u) (ze=u) (zZge=w)
7-6Z
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Note: “Two-factor ANOVA: for the males, Fyice ype = 0.03, df = 1, 192, p = 0.871; Fyeneration = 9.19,
df=2,192, p < 0.001; Frice type*generation = 0.01, df = 2, 192, p = 0.992; for the females, Fiice type =
0.54, df = 1,200, p = 0.462; Fgeneration = 0.96, df =2, 200, p = 0.384; Frice ypergeneraiion = 0.37, @f= 2,
200, p = 0.694; for the total, Frice ype = 0.02, df =1, 393, p = 0.903; Fyenerstion = 241, df =2, 393, p
= 0.151; Frice iype*gencrasion = 0.21, df =2, 393, p=0.924.

bTwo-factor ANOVA: for the males, Fricenpe =2.41,df= 1, 184, p = 0.121; Fyeneration = 1.31, df= 2,
184, p = 0.271; Fice types generation = 1.01, df= 2, 184, p = 0. 366; for the females, Frice ype = 0.72, df =
1, 188, p = 0.398; Fyeneration = 2.53, df = 2, 188, p = 0.083; Fiice typetgencrnsion = 0.79, df = 2, 188, p =
0.458; for the total, Fice ipe = 3.02, df =1, 379, p = 0.083; Fyenerstion = 3.64, df = 2, 379, p = 0.027;
Frice typegenenstion = 0.86, df =2, 379, p = 0.424.

“Two-factor ANOVA: Friceype = 3.18, df = 1, 183, p = 0.076; Fyeneration = 32.93, df = 2, 183, p <
0.001; Fiice typetgencration = 2.11, df =2, 183, p = 0.125.

Data are represented as means = SEM. Values followed by different lowercase letters within the
same column differ significantly according to two-factor ANOVA and Tukey’s multiple-range test.
Within the same column, the symbols in the parentheses indicate significant differences in the
same parameter for the same generation between Z9-2 and Xiushui 11 according to r-test.
E:ONEEFE: BER, F xman =0.03,d=1,192,p=0871; F ey =9.19,df=2,192,p<
0.001; F xmaseen = 0.01, df =2, 192, p = 0.992; for the females, F xmaw = 0.54, df=1,200,p =
0.462; F rm =0.96, df = 2, 200, p= 0.384; F xmamerew = 0.37, df =2, 200, p = 0.694; for the total,
Fxean =0.02,df=1,393, p=0.903; Frm =2.41,df=2,393,p=0.151; F xuameen =0.21,df =
2,393,p=0.924.

“Two-factor ANOVA: for the males, F xma# =2.41,df =1, 184, p = 0.121; F e = 1.31,df = 2,
184, p =0.271; F smamenm = 1.01, df =2, 184, p = 0. 366; for the females, F xxan =0.72,df= 1, '
188, p = 0.398; F em = 2.53,df=2, 188, p = 0.083; F xeanerm =0.79, df=2, 188, p = 0.458; for
the total, F xxan =3.02,df=1,379, p=0.083; F ng =3.64,df=2,379, p=0.027; F xeanenn =
0.86, df=2, 379, p=0.424.

MEETEN: F xoan =3.18,d=1, 183, p=0.076; F ew =32.93,df=2,183,p<0.001; F
xuanxien =2.11,d=2, 183, p=0.125.

B R T AR . Tukey SEHBRMBREEHESHEYN, ASISTFRANIGE
BHREAERSHIEEE. ERA—FIF, RET 292 50 Xushui 11 HARGHFL Y%
SRR #IT  WRITEREREKTF.
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No. of N. lugens per plant

e 2

Nymph . Z9-2 Xiushui 11

Adult
*
3..
2_.
1
0 ‘J} ﬁﬁ
6 1 *
Total
4 -

19/08 29/08 09/09 19/09 29/09 09/10
Sample date (Day/Month)

A 5.2 2008 £FAR KA B AF B3I E
Fig 5.2 The population dynamic of N. lugens in Z9-2 and Xiushui 11 in field in 2008
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Nymph - Z9-2 exEE Xiashui 11

No. of N. lugens per plant

81  Total

19/08 29/08 09/09 19/09 29/09 09/10
Sample date (Day/Month)

A 5.3 2009 FEIRCABEMHZNEF
Fig 5.3 The population dynamic of N. lugens in Z9-2 and Xiushui 11 in field in 2009

5.4 /NG

AFRRAELRELMHT, GRIELHZERFAKRE Xiushui 11 HH, #E
2 FEE KR 29-2 1) 30 BIRTE A BUBR M AR A48 K VB I RAE RV E
KRENEAEALEYW, BREWEFF LA, HAEEOANFEEER. @
AR K EEEMNENATRY, 292 BEMNB CEAMREREZES T Xiushui 11
HIRKE CAMBEEE.
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BAl, KEIMARBEFENSFERBEROEYOHEL. W: BZ
BLINRBEE E KN RIE Acidothermus cellulolyticus RYVA R EBE EL, XMFA
HIANEREISEAR RAEYIM A AASFF BN LR TT: P R A nE, 3
BANERE 0 RIFEA R RRE AT REEEVIRERE I (Mei et
al. 2009), EREEERRIIPEERFHET, AXPHRAEREAERAER
B EKES (Z8-1. Z8-4, Z9-1. Z9-2. CBD-1 71 CBD-3) ML e ERER
BN LA A RIXHB K EBURAKES TN EERUS, HF EBEESERY,
SRFARZFKBARL, BAEZRERKBEHT B CANSBLAERR
—, AXFE=FEFE oryl Ab EEKEE KMD2 FiE K EVEK R E 5EHENAR
BMIFM R, KMD2 MBI THCANBREN YN, THENETH
cryl Ablvip3H ZEK BB CANAEKRESERRARENEZMH. EAMAR
PEERBENMHEAEE L ERANER BT FRE, £/ - ERNRADEHF
%R FT4 N(Whitehouse et al. 2007a, Lu et al. 2008). Vip #7£_L# 5% &/
HELEE %, XTRRRABERGLSEEEEBRNTF ENATER
BT S B#(Whitehouse et al. 2007b).

Kaida ZABSAEBHARAREREAGAERENEEESRETTH
&, BEERNGEESERARY, BERTHREACAARENHD, 5
BAREEARAL, BEEBEESKPMELKFNERH~EHENT
(Kaida et al. 2009). T REEAHALEEHYBEESROETHRKENEERT
g, FEMAHER, AXPREEDEAERBERNSE CANTRER
P, XRETRERNFEERHIA—HEFB T KREEREEKTH
RBE, KRN T ABEANELRLAMKFEH TR CANEKKT, &
—HH, B RE A EERERNSAEKBETHARRERUNTEE
S CAREAEN. B CARRIEY YK BHE AT B RYIRE, &
R R R AN SRR ARG R EDHERARAER, BRXES
RAUNHR L BREHTRARHRGMT. Bk, FAAKERKBRHSH
FAERERERKEZ ANE CANERRNFRELE—HRAFA.
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BANE ¥ crylAb KREERAKBEIAE

YA RFEEERAESN

B EFEANKARENAEREH THEE BRNAE, HOT R
SRk, % Bt £EREVHR MR ENE—HARERENEEREY,
B — BB FE M A T AL R R LUK, SR A0 AR S R A i 3F 48
73 (Andow and Hilbeck 2004)%, BFFHIIBRAMMINRE, E4MRRTHRE
RAeYFLHEAZ—. 2 ERITEMEDXERFEDEA—CRZW. 0
MTRREDINNE. MFHRENRES. M FEYPNBEEOHZEUREDR
BRI KRAS, SEEENBATIS I EHNAS WL ROHE, A
R, TR ERRIEEERH SENEEREY SHESEREREYLRN
£5. BHFEERNZRETERNN, EANFEEELTLENIT. #
5T B AT FRAEEREKFEH LA, WMRT-PCR. Northern, mRNAZE
Br%, EEREESHTESETRNAEERREEARTHRES LAY
FAETHANEEFLE. FEERTEH. REVR. ARERRME R H
FEALTRASBNERTEEL. B 5HAME, MHTEHESRMFHEXN
EEA, #MmEANEROGR SN ER BN HRER. ZEUEcrylAVERE
ERKMD2 B R KA Jes £ K B Xiushui 11548, BEARRERSE, X
FIREG K ER R T T RERIEEERBT TNSHHT, LIS Y
BKMD25 A it £ E KB Xiushui NZAFFBEFHER, URMNE LR
BARERKBELEAFENERBT TNLHIT.
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BT KFH LB BAE KMD2 5 Xiushui 1t R XAFEFEEEREE I

6.1 KB E

6.1.1 fti/KHE

#tik# crylAb KIS AL T Ri REERAE R R KMD2. XM RERETH
SLE RoRREEALER, & crylAb EEMEX Ubiquitin B3 F, HIEHERRE
@ Xiushui 11 38R, HHRKBHE—H2 FXRER:3 cm, L:25 em)H KA
ERABERME ), RETFREREXNEBAT RN, HEFEFH:
B 28'CE1C. LA (L: D) 14: 10 hy IR 12000~14000 Lux. A 75
+5%(TR), #TF 30 B =nHAedi%# FSHMK/DTERET RNA #i8.

6.1.2 HtiAEH

A 5.1.2,

6.1.3 /KREALE

KEEH AR T, BEHARFH, SEATRA. LBEASHKE
B0 k23 RIBYAE R, 72 h BUEHAR, LURGGEKBENEA, RiE
BREBKAERE, BINBEKEEAKE, BS0CKERE, BHERN 3
BKA.

6.1.4 KB 5 RNA HIRE

A. KEBE RNA FH Trizol 4RI, Trizol AHA Invitrogen 287
B. KEBALEREPHE, B 100-150 mg KBEALRAK, WA 1 ml Trizol,
FMES . BEBE Smin, FRASRE

C. 12000g, 4°CE.L» 10 min

D. HiiiE, #B EERAFE, MA 200l £, AFRHGES, ZEK
E 15 min
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A HAE KMD2 5 Xiushui 11 R KAESEEEREE M

E. 12000g, 4°CELr 15 min

F. EE/Ki% A\ DEPC B A OE, A 500 ul FREE, EiRHE 10-30
min

G. 12000g, 4CH.L 15min, # L, RNA ITHEE

H. A 1ml 75%Z.BE%ck, BARY, BIFUTR, 75008, 4THE.L 5min
I. HEZ8, Bik. $EOEERERL, ZRTR 5-10min

J. F 30-50 ul DEPC AEUKEEWBFES, 7 55-60CIE#A 5-10 min

K. 12000g, 4CEL 5min, FERABIUR, WEELEREAFTELE

6.1.5 EEGH

ALRFHEE Affymetrix 2 7 KB2EREA 57 K GeneChip® Rice Genome
Amay. ES KA BEHL 59,000 MERRELHE, LFEAE T KBHARBER.
18 2R 2 R TR AR A AR,

6.2 ER52T

6.2.1 BERZWIEE

6.2.1.1 KMD2 5 Xiushui 11 BEEELIEE

$ cryl Ab £E/KES KMD2 SR AR ERKRBML, F 324 M EBRKEH
i mRNA KFPRET B, HPRAKTELE 24 £5214 1 SERRE
HE 59.27%, HARIERFIEER mRNA TEEUMMBURKT 24 15
KR RSB 4-8 F0F 51 A, HERRIEEEM 15.74%; ZRE 8 FL
FHRERLE 59, HERERLKM 1821%. 324 ERERAT, REELAKN
ABERET 1774, EERERSHN 54.63% TROKHEER 1471 5
ERRIEEEM 45.37% (R 6.1).
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£ 6.1 5 Xiushui 11 #8t KMD2 ZEEZIEE S+
Table 6.1 Compared with Xiushui 11, the number of KMD2 genes with different change levels

Log ratio Up-regulated Down-regulated Total
1-2 110 104 214
23 34 17 51
34 13 12 25
4-5 10 7 17
5~ 10 7 17
Total 177 147 324

#: Log ratio: KMD2 ¥y #4H5 B 5% B Xiushui 11 &5 iZREHE SEMLEIREL 2
M B, B EARTRERMNKME: Upregulated: REFEANER:
Down-regulated: RiABRTRNERH.
6.2.1.2 # KAERJE Xiushui 11 BEETLIEHFE

B EABFEH Xiushuill F 3834 MEFEKE M mRNA KFERET M,
HpREKPELIE 24 5521724, HERRIEERM 7230%, BIRHIE
RFEEE mRNA SRR MKPERT 24 fF: ERRERNE 4-8 FHF
692 /4, HERRIAERN 18.05%; ZAE 8 FLUELNERILSE 370, HERE
B EH 9.65%. 3834 ERERT, REE LANKBERE 15341, HER
HESHH 40.01%; TRKHEHEN 2300 1, HEFREEE 59.99% (R
62).

£ 6.2 BEAMEFE M Xiushui 11EERIBEREL T
Table 6.2 The number of BPH regulated genes of Xiushui 11 with different change levels

Logratio Up-regulated Down-regulated Total

1-2 1216 1556 2772
23 234 458 692
34 63 168 231
4-5 18 3 91
5~ 3 45 48
Total 1534 2300 3834

#: Logratio: ¥ &EERA LM Xiushui 1185 A #EHE S E 55 BXiushui 11385 ) KR
EEMHERUS RO SE, Y EER TREROMNEE: Upregulated: RiZE EFH
fEHE: Down-regulated: RABR TIRHER.
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62,13 BKEFEDRE KMD2 S ERARIERE

B EE BB IKMD2A 323 E B R FImRNA KFRET &b, KPR
KK FBAE24 15024350, HERREEENT4.40%, BRBLERREHE
EmRNA & BBLMMRBIET24 15, ERREELIELS HHFS56D, &
£RRAREN1698%; THES FULHERELH282, SEREREBHN
8.62%. 3273 ERERF, AR LANKEERE 1260, HEREREHH
38.77%; TSR 520040, HERFREERI61.23% (R6.3).

% 63 B AREESHOKMD2ERZBE S
Table 6.3 The number of BPH regulated genes of KMD2 with different change levels

Logratio Up-regulated Down-regulated Total

12 1064 n7 2435
23 164 392 556
34 33 136 169
45 7 - 85

5~ 1 27 28
Total 1269 2004 31273

#: Log ratio: 35 G EIR &b MEIKMD2: #6558 5% X ushui NEHZEAESE
AR R M, B0 LIRS TR SUH: Up-regulated: RIAR LFHINE
B: Down-regulated: Rik&TAMER.
6.2.1.4 B KEHER/E KMD2 5 Xiushui 11 B EERLEE
 BCABRIE KMD2 518 AR SEM Xiushuill AL, F 317 MEER
8 mRNA KFERET B, EPREKFEUE24 55201, HEFR
BB 63.09%, B KRR4 2 BREHFE mRNA & BRAMMEEET 24 £
ERREBWE 4-8 HHH 04, HERREERN 15.77%; TUES FUL
MEELY 67, HERERBKN 21.14%. 317 EREERFP, KL ERMK
WEEY 124 4, SEREREEMN 39.12%; TROGRHHEER 1931, &
RRIEEEM 60.88% (X 6.4).
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# 64 WYAHR KK FKMD2KRE 5 F A Xiushui 11HERZLIBELT
Table 6.4 Compared Xiushui 11, the number of BPH regulated genes of KMD2 with different

change levels

Logratio Up-regulated Down-regulated Total

1-2 66 134 200
23 23 27 50
34 13 13 26
4.5 12 7 19
5~ 10 12 22
Total 124 193 317

¥ : Log ratio: 1§ K AVEU & AL 2 () KMD2 i B H4HE SH 58 C AN & L #J5 %1 B Xiushui 11
O F RS S LB AR L 2 I3 B4, BY % b VA sk T VA A5 B %3 1 : Up-regulated:
LR EFMERE: Downregulated: RIERTRMHER.

6.2.3 KEGG Pathway 247

6.2.3.1 KMD2 5 Xiushui 11 Z73#H KEGG pathway 747

FRELEREN S FHEEERRS (CB-MAS) XKMD25Xiushui 11218
FIEMEREEBIT TKEGG Pathway 41, RI, —HF18FERFEER (X
6.5). e, BARAKISEERN: HRMEREB. v- ARACREMRER.
IRENRERERE, BEZECRYRARNAMEEPISOSREDRAR (R
6.5).

KMD25Xiushui 1145L:, HERE18%EBEH, F—LR2ZEH LAY,
m: AREEPASOSREVMRRS. 1. 2-FERMRE. BHEEM. ZREY
/. BER. BAMNRERRA RAE. iR RE. BHRAH. EA
RFIE, BEBRAS. FERER. BEARANCEARAS K. FREERENZ
BikgR, XAE/LARRRES LANER, XATREMER, Wm: 5FE4E.
Y- ARACERE. FRENREREE. EEECRENEARERER: B
RAHFERETREENRRE (R6.5).
6.2.3.2 B ¢ AE SRS KMD2 5 Xiushui 11 Z 73 H KEGG pathway

AT




I KEE LR #E KMD2 5 Xiushui 11 &8 CABFEEEREH T

FRELEREY S FHRERRZL (CB-MAS) X8 AT /EHIKMD2
5Xiushui 112 A &2 FER#IT TKEGG Pathway /M7, KM, —3HH31%
BEGCER (£66). Hd, BAUMMEXNSEEEL: ERREM. FiRi
. FEREMRE. BHERSRNAREEPSISREVRNS (K6.6).

KMD25Xiushui 1148t0, HERE18%@ZH, F—LRREFLAN, 6
. HEERE. ZREVAR. BENAY. REF/FNEEQS. HbfERS.
HEM. EEMAREEREM. R, BHRERR. RERNBERNAH.
Y- NEHCEBER. FRENRERE. SERERE. SERCABMRER
s BLERRERTAE LRANER, XA THANER, . KRER.
i, FERERRENEEMMERERS: RETREENERES:
MREEPASOSREY RS, 1. 2-PERMEM. BHRAR. HRAK. H

WA, PRI, REBRRY. BRABK. BRAERARHE (R6.6).
%6.5 KMD2 5 Xiushui 11 5% EKEGG Pathway 4} 2%
Table 6.5 Classification differental genes between KMD2 and Xiushui 11 by KEGGPathway

analysis

KEGG Pathway No. of genes No.ofup Pvalue

located in various regulated

Pathways genes
Fluorene degradation 2 1 0.016
gamma-Hexachlorocyclohexane degradation 2 1 0.025
Limonene and pinene degradation 2 1 0.027
Ascorbate and aldarate metabolism 2 1 0.034
Metabolism of xenobiotics by cytochrome P450 1 1 0.066
1- and 2-Methylnaphthalene degradation 1 1 0.074
Bile acid biosynthesis 1 1 0.082
Phenylpropanoid biosynthesis 2 1 0.085
Pantothenate and CoA biosynthesis 2 2 0.109
Valine, leucine and isoleucine biosynthesis 2 2 0.149
Glycerolipid metabolism 1 1 0.167
Fatty acid metabolism 1 1 0.171
Protein export 1 1 0.171
Tyrosine metabolism 1 1 0.178
Valine, leucine and isoleucine degradation 2 2 0.178
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KEGG Pathway No. of genes No. of up Pvalue
located in various regulated
Pathways
genes
Phenylalanine,  tyrosine and tryptophan 2 2 0.192
biosynthesis
Glycolysis / Gluconeogenesis 1 1 0.358
Ribosome 2 2 0.784

£6.6 #CAESEKMD25 Xiushui 1148312 R EFKEGG Pathway 7%
Table 6.6 Classification differental genes between KMD2 and Xiushui 11 induced by BPH by

KEGG Pathway analysis
No. of genes No. of up
KEGG Pathway located in various  Tegulated  pyapye
Pathways genes
Phenylpropanoid biosynthesis 3 2 0.012
Methane metabolism 2 1 0.021
Phenylalanine metabolism 2 1 0.028
Streptomycin biosynthesis 1 1 0.053
Metabolism of xenobiotics by cytochrome P450 1 0 0.065
Glycolysis / Gluconeogenesis 2 1 0.071
1- and 2-Methylnaphthalene degradation 1 0 0.073
Riboflavin metabolism 1 1 0.073
Bile acid biosynthesis 1 0 0.080
Folate biosynthesis 1 0 0.099
Pantothenate and CoA biosynthesis 1 1 0.107
Nitrogen metabolism 1 1 0.140
Urea cycle and metabolism of amino groups 1 1 0.140
Galactose metabolism 1 1 0.144
Valine, leucine and isoleucine biosynthesis 1 1 0.148
Glycerolipid metabolism 1 0 0.165
Protein export 1 1 0.168
Fatty acid metabolism 1 0 0.168
Valine, leucine and isoleucine degradation 1 1 0.175
Fluorene degradation 1 1 0.175

Tyrosine metabolism 1 0 0.175




T K&l i85 BAE KMD2 5 Xiushui 11 RIB XA ESEEERE LS

No.ofgenes ~ No-ofup
KEGG Pathway located in various ~ Tegulated  pyajye
Pathways genes
Pentose phosphate pathway 1 1 0.182
Arginine and proline metabolism 1 1 0.209
gamma-Hexachlorocyclohexane degradation 1 1 0.216
Limonene and pinene degradation 1 1 0.222
Glutamate metabolism 1 1 0.229
Ascorbate and aldarate metabolism 1 1 0.250
Proteasome 1 0 0.254
Starch and sucrose metabolism 1 1 0.340
Pyrimidine metabolism 1 0 0.395
Purine metabolism 1 0 0.444

6.2.4 Go Ontology 7T

6.2.4.1 KMD2 5 Xiushui 11 % #H Go Ontology 7

FIRBREYH FHEEB RS (CB-MAS) HKMD25Xiushui 1122 [{]%&i&
fEREEBEIT T Go Ontology 4+ FIhfE (molecular funciton) FAEY)TE
(biological process)ZH#7. KMD2 5 Xiushui 112 A ZRFREER SR EFENE. HX
EFiEE. LERYARBEMNHETEE. RENABEENKEEEHESIS
T4 FIEBEMMR (R6.1)e N NMEYEBRIHFEZR, BRIBXISNMEY
SRR EAMEETEMHRE. XRLSDRE. HaER. KERBMA
VEYERME R BR (36.8). Go OntologyMi9> FIhAE. AT BMANA S & H 2 HT
oy LB L 1R6.1.

%6. 7KMD2 5 Xiushui 112 [ R AR5 T HAES %
Table 6.7 Molecular Function categories of differential genes between KMD2 and Xiushui 11

Go term No. of genes No. of up P value
changed regulated genes
Receptor activity 5 4 0.074
Transcription factor activity 15 6 0.082
Serine-type endopeptidase inhibitor activity 1 1 0.091
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Go term No. of genes No. of up P value
changed regulated genes

Carboxy-lyase activity 1 1 0.096
Hydrolase activity 13 8 0.109
sugar porter activity 1 1 0.153
GTP binding 1 1 0.210
protein binding 12 8 0.304
translation factor activity, nucleic acid binding 1 1 0.331
Transporter activity 9 7
RNA binding 2 2 0.602
Lipid binding 1 0 0.646
nucleotide binding 11 7 0.692
kinase activity 7 5 0.805
catalytic activity 33 22 0.875
structural molecule activity 3 2 0.879
transferase activity 11 4 0.917
signal transducer activity 1 1 0.983
DNA binding 6 2 0.986
binding 19 12 1.000
nucleic acid binding 4 3 1.000
Molecular-function 7 3 1.000

% 6.8 KMD2 5 Xiushui 11 Z A4t BHI2 FHEED R

Table 6.8 Biological process categories of differential genes between KMD2 and Xiushui 11

changed regulated genes

Go term No. of genes No. of up Pvalue
Amino acid and derivative metabolism 20 14 0
Lipid metabolism 15 12 0
Photosynthesis 5 0 0
Secondary metabolism 8 6 0
Response to endogenous stimulus 27 18 0
Response to abiotic stimulus 20 1 0.002
Carbohydrate metabolism 12 6 0.003

Response to stress 20 12 0.006




BT KEE L83 BE KMD2 5 Xiushui 1l KW KA GBS EEERE BT
Go term No. of genes No. of up Pvalue
changed regulated genes
Biosynthesis 21 14 0.007
Nodulation 2 2 0.013
Electron transport 10 8 0.023
Response to wounding 1 1 0.024
Response to biotic stimulus 12 9 0.058
Protein targeting 1 1 0.070
Signal transduction 18 13 0.088
Catabolism 7 2 0.117
Cell death 3 2 0.120
Carbohydrate transport 1 1 0.159
Reproduction 4 3 0.168
Response to external stimulus 5 5 0.220
pollen-pistil interaction 1 1 0.250
Amino acid metabolism 1 1 0.347
Pollination 1 1 0.361
Protein modification 12 9 0.383
Transcription 7 1 0.415
Cell cycle 1 1 0.429
Response to extracellular stimulus 1 1 0.477
" Flower development 1 0 0.817
DNA metabolism 2 1 0.901
post-embryonic development 1 1 0.902
Development 4 3 0.905
Cell organization and biogenesis 1 1 0.953
Transport 9 4 0.977
Secretory pathway 2 2 1.000
Nucleobase, nucleoside, nucleotide and
nucleic acid metabolism 2 2 1.000
Cellular process 29 18 1.000
Biological_process 15 7 1.000
Metabolism 14 7 1.000
Physiological process 17 12 1.000
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® physiologieal process @ cellular process © cell  cellpant & ‘ binding % org L 10 stmuius @ catalviic acthiy

[ of localization & # P I process @ * process @ [ ] ctive process
» betwesn e} actwity complex & signal transducer actwity *: protsin complex & molgcular transducer activity

® enzyms ragulator actvly @ Others

’6.2 Go Ontology ¥ KMD2f1Xiushui 113 FEH %K
Fig 6.1 Categories of differential genes between KMD?2 and Xiushui 11 by Go Ontology

6.2.4.2 B KABER/E KMD2 5 Xiushui 11 Z7EH Go Ontology 73

it
FIFEREEMAFHEERRSE (CB-MAS) B KAEIEKMD2E
Xiushui 11 Z[EREMEFEREBIT T Go Ontology H14r FIHE (molecular
- funciton) A4 4t B (biological process)7M T . ¥ C AT /5, KMD25Xiushui 11
E£RFXMER, BFRTEE. BEBRARIEE. SENYEEE. #iF
EFENSREBRSE. SHATERMZBBEESEIMERX (R6.9). 317
AEREISMEMITRPEEER, BEXNSMEWSRER: FEVIHERR.
BALESYRE. RERREATEMORSE . RERESHRIUTP BEE R
GTP (BEAH) FCTP (BEAR) (X6.10). Go OntologyHIsH FIRE. £Y)
TR A 2 &84BT Ee 6.2,
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#6.9 KMD2 5 Xiushui 11Z Al ZF£ R4 FIHEN R
Table 6.9 Molecular Function categories of differential genes between KMD2 and Xiushui 11

Go term

No. of genes No. of up P value
changed regulated

genes
Transcription factor activity 17 10 0.011
nucleoside diphosphate kinase activity 1 0 0.013
peroxidase activity 1 1 0.257
translation factor activity, nucleic acid binding 1 1 0.300
receptor activity 2 1 0.376
Transporter activity 8 3 0.455
nuclease activity 1 1 0.552
Lipid binding 2 0 0.641
DNA binding 10 5 0.802
transferase activity 12 2 0.848
signal transducer activity 2 1 0.909
catalytic activity 31 10 0.928
protein binding 7 2 0.947
RNA binding 1 1 0.954
Hydrolase activity 4 2 0.958
ATP binding 1 0 0.966
structural molecule activity 2 0 0.973
nucleotide binding 7 3 0.992
kinase activity 4 2 0.994
Molecular-function 7 2 1.000
binding 10 3 1.000
nucleic acid binding 2 2 1.000

#6.10 HCAEFEKMD25 Xiushui 112 AEYTREI S FHEEN R
Table 6.10 Biological process categories of differential genes induced by BPHbetween

KMD?2 and Xiushui 11
Go term No. of genes No. of up Pvalue
changed regulated genes
Response to abiotic stimulus 14 6 0.008
Carbohydrate metabolism 1 2 0.009
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Go term No. of genes No. of up Pvalue
changed regulated genes
Amino acid and derivative metabolism 12 5 0.010
Nodulation 1 0 0.013
UTP biosynthesis 1 0 0.013
CTP biosynthesis 1 0 0.013
GTP biosynthesis 1 0 0.013
Catabolism 10 2 0.018
Secondary metabolism 3 2 0.044
Reproduction 4 2 0.06
Response to biotic stimulus 10 5 0.100
Response to stress 16 5 0.115
Biosynthesis 15 6 0.129
Oligopeptide transport 1 0 0.129
Response to external stimulus 4 1 0.134
Post-embryonic development 6 1 0
Lipid metabolism 8 4 0.211
Response to endogenous stimulus 18 7 0.246
Pollen-pistil interaction 1 1 0.247
Pollination 1 1 0.357
Transcription 7 3 0.401
Electron transport 3 2 0.442
Response to external stimulus 5 1 0.614
Cell death 1 0 0.695
Development 4 0.775
Cell organization and biogenesis 2 1 0.801
Signal transduction 11 6 0.832
Cell differentiation 1 1 0.860
DNA metabolism 2 1 0.896
secretory pathway 5 2 0.931
Transport 11 1 0.949
Protein modification 4 3 0.994
Nucleobase, nucleoside, nucleotide and
nucleic acid metabolism 1 1 1.000
Biological process 8 3 1.000
9
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Go term No. of genes No. of up Pvalue
changed regulated genes
Physiological process 12 7 1.000
Metabolism 12 4 1.000
Cellular process 18 8 1.000

® physinlogical process @ cellular process « metabolism  cell # celtsart  binding # organelle @ cataiytic activity @ response to stmulus @ developmental process
. of localzation & duction [ P . between o1 . protess @ pan
¢ signal activity activty ® process regulator activlly & transponter activity @ antioxidant activity ® Others

F96.2 Go Ontology X1 & \i% 3 FIKMD2 M Xiushui 112 R R /)%
Fig 6.2 Categories of differential genes induced by BPH between KMD2 and Xiushui 11 by Go
Ontology

6.4 /NG5

AL RRY, Horyl AbE R K FEKMD2 5 15k A e # 2 W Xiushui 11K
L, #3244 EEFEHIMRNAKFRAE T &M, ERERNB177Y, THRER
H1474; B ECAEBE M Xiushuil 15 3834 M E R FRE FImRNA KFERETR
th, FEELANERE15344, FTROEEF23001: & CAFS/EHIKMD2

- FRNTBAEEFE HImRNA KFRET X, REELAHERFI2697, F

B EG20040; B KAESEHKMD2E#E KA S5 M Xiushuil 1iHLL, &
A ERFA HImRNA KFRET R, REBLAMKBERF 1249, T
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B REE LB $EAE KMD2 5 Xiushui 11 RIGKEFERERBREE T

HWHEER19314.
Hitoryl AbEEKREKMD2 5 HE A S E F KB Xiushui 1115, Go&EY)
ARMMERARAE SR EERAARMAEERRETAN, BN, RKLED
REBFEREER (R6.8), GE LiRFSHINGEE cryl AbEIIEA KB T B
LKA G AR SFIHFEEW, E— PR HARRENDERETEY
W, B&IFBKMD25Xiushui 1NZAEKKENAE. SHEHAKHA: KMDI
RRSERE D, BRERE, R E, B2BEIRS, WIERHFE K B R H R A Xiushui
NERAEAE, RERME. HFROFRKEX, IRRAREROIMZENRS
(#ZRE, 2008). FIRT, EEREEATEVORE. RELEDRE. KER
iw WIEERE R EEYIE RN, E ) REMEN R MEKMD25Xiushui
HZAFEREER.

B CAIE B EMKMD2 5 Xiushui 1AL, BAEXMEREYS BRIFEDM
BERE, XRE5ZA0HRLERMAL, BIZhangF(2004)K 108 EEHIKTE
cDNA AR TH AR =SS KB LM (BK63) MiAttAaM (BS)
72 WEMERREER, BSERCEARREAUNMEEREZEER: BERF
BKHUNERREAER, MARBBCAFRKBETERERERL TR
FiRazm R EEYIE. REYR S EYBERSERFAEKR(Zhang et al.
2004). HEEMHEEYHEEBER, NERREETRUEMUGAERNE
HEMRRIE. RREFYT—RPEY RS RS FEHBERERK (Godoy
et al. 2000, Baldwin et al. 2001, Moran and Thompson 2001). F& KI5 4E1EMA.
UTP (&) CTP (BEiE&RR) MGTP (BEMAR) HRE—ZERE TH
T (%6.10), HEMEEMXRNEYIREAE THRAULEYRY. RER
REATEYMRSE. MERERERE. BHEFRAKR, L5 CRRRBEK
BRMZE, BES5KS TREMEYEEXOEE LR, IBLS5EME
R A K A2 2 T WA (Cho et al. 2005).

AXPBE=EOHRERERN, KMD2XB CANEKREMEHEGNHIE
H, #EERANKRRLRNEN. HYESHaERRZAMNEEERXRRR
Zu, HKMD25Xiushui 113K, cryl AbEFERIEAT B TKMD2 5 HFEX
Xiushui HZ A KK ERRYBLEHNER R B CEFELMD2 7= 5P
EWHEERFXiuhui 11K, FERARBBCRERERRNEBRR LN
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BANEREERN, WARSRER LORAMUELAIERR LIE—L(Zhang
etal. 2004), XHRIKBEHIE CEMHRERE S CANREEPIE
%, T ML B MR T4 R h Foryl AVERMIBA R T SHAEARRK
AR LRI B SHKMD2A S B AHRLHE. B CARR
KMD25Xiushui 1175, WEEENRERET XN, SRAEFARN—TE
ETFET, EYOREER R RERAEREREAER, TANHASRE
BIKMDI ZEMMNIEA B R LA KR G HRE (HZKH, 2008), BLEM5
BEAENEREEE—S £ P EE— RS RERERBYWRNE
fh. BYRERBYREEYEEH IR EYNETARSS, BREYRS]
RYZEENANEEYRE, Eit, 52X LEREN—ATHERE
Fit—HWHR.
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B3, BERKBIESHRABMERAR. BARERKE. FARER
ER AR REAES, HERABRAEXESNRRN, HERKE
HAARARERT RS RIS ERE. HPESRLMINEREET:
SR E AN EM, X REEROEMAEITERFIERE. 718 I
= o B £ EEER R R AN AN N, FRREROH ST
EaERFRAANBERS4E L. BCARIMKBEFKNERER, H
19 #4 80 ALK, BXAERBEREERLN S EABHEERE S0%E
5. BTFE0AEL. RALIEREEFAASHENSE, BEANKER
AT LT E, EAEKBORERTLIIER VAKX —ER AR
A AR

1 HEREY iF%*ﬁ@J“&ﬁD%&%EB‘J%%

7 BRI R EEY R, 5 Bt EREY S TRAMILE, Bt AT F
HESTEBR, MR, ., KR, 5 DA SRR A O BNA Bt Y
WA E S, TSR EAYNTHERREREF LR EKET, 59
Z AR EAREIX T2 FXHAEREY, T RIEH RN,
cryl Ab 2 H 7K KMD2 B RS S RN E K RENEHNIFN SRR HR
4, B KMD2 K TR ASANEKRERIHRETHTRE. A%
ZHERATRE 292 ANB TR CENEKRESRE. FH, # cryl Ablvip3H
£FKIE GoH1 B CANEKRE S RHRA M.

BT AMALREAKXT Bt R T RRRIRA DR E RNENF LT
AHSHTA, B—HTARAN B EYRBT EMNHEKEHE. BHE AL
SRS B A AR KRR, 2003), KRATERRET A CALER
KK ENVIthEE. —BEEE, Bt BEEETRIFNERRERE, &
{8 H g B3 K B FH 7 (Zhang et al. 2008); Bt EXBEATEREFANRAGE Y
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RIS EFELRE T Bt TR DR AGE LM R 0% H (Lumbierres et al. 2004, Pons
et al. 2005, Faria et al. 2007); Bt KFBXHUE R S F TR CAE Bt BETH
K ER(EIEL, 2002). BHR AR Bt fEHIx EEAFRIRA O3 B R E
HKREREEM. Bt BIEX8EF A gossypii K917 Ja(Lawo et al. 2009)F1EH
(Sujii et al. 2008)% & &M, 3§ K & Nilaparvata lugens TEEL & FIF= BRI X4 4% cryl Ac
ICpTI i BUKRE T B BiE (158, 2003), X4 RERPIELIRE RTE Bt
P LOVGHBRBRRAZHN. BEEARRIES T Bt MK HT 4
gossypii IFESRATHE. PR, Aa. FEHEANHF-NESEREELER
(Ramirez-Romero et al. 2008, Suji et al. 2008); Bt /K#E51#8 CEMM R £KXH
R B E R W(Bernal et al. 2002), FAX MR LEH BELWH(ERE,
2003), MEY CAERAEHAHEEREZEWAE, 2006). F=MHRSL
W Bt fEUIS BRI A O R FRMAE KR E SEEET —EMMHIER. @
Bt AR B CAMRERAFMEOIET R, 2003); KMD2 EHAE CAMRRF
HBEETF Xiushui 11 OB CAMERA%A, 3 HKMDI fIKMD2 LBH
YEMEHHEERT Xiushui 11 (AE, 2006): B CELUE cryl Ab 2 HHITE
Bl A1 B6 RX BB E 935 A&N, HEEEHRERAEHEERTE, H
7E Bl FMEERHPAREKT 135 1.5 K, B6 bMEFLHMAAAERT
2.0 71 1.4 R(ELL, 2006b); Bt KFEIE K T #5481 Stenchaetothrips biformis HI%
HRERE. HREFEAERIE, FAEET 0. BREGMEET ™
58 & (Akhtar et al. 2010).
EEAHEZEREYN EEFRRA D 8ERPEYEERAAR, UL, FFE
FRRR OB HRANMEHSEERROR®R. AXHFAEREY,
KMD2 M fE X AM B HE ER T LIS EE M Xiushui 11; G6HI HIEH
BYEAMBEEESHIESERNE Xiushui 110 REER: T 29-2 BIEKE T
AMRFEERTHIEEEEME Xiushui 1. FWAMHRERXSHBRAK

K REYI3 4 RSB % 8 & W(Volkmar and Freier 2003, Candolfi et al. 2004,
Naranjo 2005, Torres and Ruberson 2005, Cattaneo et al. 2006, Sharma and
Pampapathy 2006, Mellet and Schoeman 2007, Rose and Dively 2007, Torres and
Ruberson 2007, Toschki et al. 2007, Higgins et al. 2009), {1 Bt EKx3 & F fI Rt

B S REPE R AT R B3 B Wi(Priestley and Brownbridge 2009), Sift##. BlH
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ARk £ B 1R W (de la Poza et al. 2005); BUKBHBIFMFEEETR
Wi(Bai et al. 2010). AT, — @A 2PN EER Y IEERE RO HE
% B . 10 Bt KBS (7% K E(Chen et al. 2006b, Chen et al. 2007b) 1 #(Chen
et al. 2006b, Liu et al. 2007b) KIFH BB BER B W; Bt XS BH SR BT LW
(Pons et al. 2005). W AR R RS THERGHER, KRE
18— 3% 1 283 A SR T AN(Whitehouse et al. 2007, Lu et al. 2008).
/b B9 S T 2 R AE ) BRI B 35 B B A b 208> (Naranjo 2005), FEEFE
sy i SR A /D % Candolfi et al. 2004).

2 BERFKRERHR CAEYFRRNE

s T A B G RR I AR R E KRR CAR AN EN P RARR,
B R R KRR ALY F TR — T
EXiushui 114H, KMD2EE 3R T 8 CAE REKF K E, FEBERK
TIRCANEE. A EREESRERY, KND2ERIE CEE RIEN
Hh o MR AE F Xiushui 11, FF AENNMRERESHEEER . BRR
BKMD2 2B A K R B 5 5. BFHREERY, Fcryl AbEEK
FEKMD2AIKMD1 5 £ FA s Bk B Xiushui 1EK T BEABHE LKA
512 FE A T 7250 B (Akhtar et al. 2010), RAHRBAR AN, KAHAEHER
’ﬁIﬁE%m%&%%@E‘Hﬁ)\%éﬁT7K?§%%&%%%%%)ﬁ%&@iﬁ?%lﬁ&?
(Faria et al. 2007). [ 5o 4% 52 2 9 48 % BLZEKMD2 A Xiushui 11 H 8] 0 R
HEREER, B CAFREEEKMD2Xiushui 11ZFAZEFRETHE S
LM BHEREN. BYAERLAKEREMR, HRERARNE,
goRBEAMB REKNEEELESRIFNNER, X FAE CRE
KMD2 Xiushui 11 BEGFBESE X2 h/= R REN. M A% 4 KRG
KMD2FXiushui 11854k B9 A 5L E 73X — W A 45 € AV I FIKMD2 RS i
E4EEER. . M. ERMRBAENAB AR RE. BARR
¥ B S B E e Xiushui 11E9E D, B K AR LA A BN B
B B 2P E W Xiushui 11 EEEHK LOE— L. AXEREWARTR A
i R EREUR SR LR A G B EROPIREN, HERSRR LHRRL
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B HHitE R L HIE—2(Zhang et al. 2004). STKMD2#1Xiushui 1117 Ri&E
R4 R RN, KMD25Xiushui 1IFEHAS REERAER, BALEIR
HUBEEEER, KRRBI LR cry ADKIEAR BT LN KIEE 555
MR SHEREEH, B—SHERBENYESREFEEH, BEAFH
KMD25 Xiushui 112 E4AK R EHARR. SHFHEN: KMDIKREERED,
BRIEE, MR, BABRE, MR 6 E KB R HFEA Xiushui 11H9215EL L,
REEME. FENEREK, XREARERNIMEEE B GHKRE, 2008).
KR SNE R FEIEA DB RR A BT A RS K BER A CAN Y F
REGEEZROERZ—. BEEERFEHKMD25Xiushui 1148, BAEXEH
£ RV ERIEEYIER R, X5 ZTHFAE R, B1Zhang(2004)
K108 £ EM/KBDNA HA TR TH ARG KRBRA (HK
63) FoftERA (BS) T2 WEMERERAER, BSERCARKEHEUANER
FEELER: BHAHPRGEUIERRIEFER, BARPB AL FKE
PG AR TR RTI R LG, FREYRE. BYRRFETE
12 HFZE B 7 (Zhang et al. 2004).

HE I E RS 29-2 SR IER AR % AKE Xiushui 11 F8H, 30 B
ISR Rk RS R E IR E R E K R B AR AR AW, B
BESBERL, HAEENANEEEER. HRNB CAEERFNRAER
8, 79-2 HIAME KA NEES T Xiushui 11 HEAMECARELE. F8
A ZRREE KRS (Z8-1. Z8-4, Z9-1. Z9-2. CBD-1 # CBD-3) MJEHIEE
S RHERPMITERAANRE CARBIKE TN EERE. BIEREH
LA EERBEREYE. Kaida ZAETERESRARERIEOHA
BEBNER AT TS, BEARNFERSRRARD, BERT AR
s B RE R, S ERAEREAVAT, HERREEAXF LAY
FITERS (7= B BN T (Kaida et al. 2009). TitRik AHA % RBHI B SRE
ETFRREMNEEL 0. AN, HFAEMFBER. AXPRALRIAER
ML E M AR B, XRATHREEAAEEBNIAN—TEZ
BT AP RAAK TS, KRR T AR AN RS WA TH
ATFECAMER RS, B—HH, HATRRRNFERBERNIAEKES
FRHARREEUNTEES B CARERZN. B, KESHFABRPE
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S G EHARNEYNESG b, ERLESRRIIHEERTFHET. %5
iﬁ?ﬁ%ﬂ;iﬂ%ﬁﬁ&?ﬁﬁﬁﬁ%%ﬂ%ﬁﬁéﬁ?ﬁ, Ao REEAT LIRS
EEYFEL N EMRANRE, BETEEBERTRS IR CANKEK
%, HTIRENERGOER, BET TAREHLE,

3 % Bt ERABEFNET

HTAE M AR L EANERY Bt KR(Shu et al. 2000, Ye et al. 2001b,
Bashir et al. 2004, Riaz et al. 2006, Chen et al. 2008b, Kim et al. 2009), mEELH
£ B 4S5 2 7 Hi#(Gahan et al. 2001, Bravo and Soberon 2008), tF
3538 B A 7= A 1R % 77 :(Hanur 2008). —/MBFERIE Bt REBEAEY
b B A 7= 2 2 (R 00 B RE 47 7 S0 (Vacher et al. 2006), 55— M RRRBR S
3 B B (Bravo and Soberon 2008). BB% HEHARNRE, HAHEREZRAR
EEEY R EN—FEE (ames, 2009). EFFHAHRER (Vips) RERZE
RT3 P L — Pk R IR Bk 81 2B 3 (Estruch et al. 1996). Vip X
G5 B B A A AR 15 Hik(Rang et al. 2005), FF ARRAIMAER TS Cry
B AR (Lee et al. 2003).

KR EBHTE I 615 cryl Ab/Vip3H REKBRMSHEEERFELNR
Xiushui 110 L Z%f SSB 1 PSB #MF WM BIFMHE. B 6 MEERAFFE
ﬁ%ﬂﬂ’rﬁ%‘]ﬂéﬁﬁ’a‘ﬁEM%%&EEUESZEH@@%%EEM‘J#H%EW@%E@
AR, X—4RE SRR E S RAALL B Bt SNEE AR EEEERRS
& 3 I ) 5 R P TR 1R K 1 2 R (Breitler et al. 2000, Mabqool et al. 2001,
Husnain et al. 2002, Ramesh et al. 2004, Chen et al. 2008). CrylAb EAEFENN
L s BERA—MEARARSHNAR R TR ERFEREERD, ¥#H
AR HHRELENEASREE, XMERES CrylAb(Wu et al. 2001)H
Cry1C*(Ye et al. 2009)& B e R B KRS P A ML TS ZE R K RER
SSB 1 PSB M 8145 5 Cryl Ab B A KM EZF A i & BEHEEW
HHE, MBS R AT Cry9C KRB R (Chen et al. 2008a), RE CrylAb
7 G6H6 FMFEBARIEN, #ASENETRHABAH, BREMH G6H3.
G6H4 7 G6HS LB E LT, 7 mA M HIA K th A —Lk, BTLLXHKH GoHé
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1 CrylAb/Vip3H BAMKERE% 2%t SSB M PSB R RIFHH AR, T
G6H6 M I B R THERS T CrylAb/Vip3H BHAZEKTEE M IR
kR EEAR.

H—SHHARARS, SHEFERFAKRT Xiuhui 110 HE, #
cryl Ab/vip3H £ E/KEE G6HI # 30 B 78 & A s AR T MR IR ¢ BB G TUAR A
FHPERKREAFERRRAEEEYW, FLEAB CREERFERRERY,
G6H1 MR CEMBENRS Xiushui 110 FAMBCEAMBHEREEEE
B. G EHR, G6HI fARERMH R RIFHREN, BAXIBHIFETE
BB CANER, FUE#ITE Bt ERKBAMNEER, HERBEIRE
B ANRR, XERFHXFLIRE R ESEN.

AICRIH R

1 B ERKRNE CAEESROEDFEZRFNMER

2 BT cryl Ab B KMD2 53 %A 2 F/KH Xiushui 11 AFHXS KA
KRB MERMMHER

3 FIEERES AR KMD2 R Xiushui 11 REB CAFSEEEREERE
7T 40

ARZAERA SRHBTRTT

| AR THERKEN RS UE CANEKRENEEN SRR
KF, ERAMEIFEFERMAYE A, KAMBRHBERTRIE, &
Eif— S IR E R THA.

2 FIBEES A AN KMD2 # Xiushui 11 REBCEBFEERREER#
TTERENSN, BIANSEERERTEE PRI,

3 AT ERNT SHRRALYMEERKRE, FIRTEE CERNEDEY
W9, REi% R E M SRET X — 27, LA R R R KRR AT fER AR LA
A IR W  ZEBA TR T KMD2 X148 K EVE K R § 5 S K940 HI4E A 1 KMD2
1 Xiushui 11 EEBCABSEERRAERNERM b, i KMD2 S5U& ¢
AEKRENEETIMHNEERER.

108




WHI K% 103 [E3
E3
KRR HE SRR T
EEH 1 NHNO;: 91.6 g/L; CaCly: 88.6 g/L
AW 2 NaH,PO * 2H,0: 40.3 g/L; K;SO4: 71.4 g/
&3 MgSO, » 7TH20: 324 g/L
HBTTRMEEWN MnCl, * 4H,0: 1.5g/L; H;BO;(#iE): 0.934 g/L
CuS0,.5H;0: 0.031 g/L;
(NH4)eM070,4 4H,O(-LHHREE): 0.074 g/L
ZnSO,.7H,0: 0.035g/L; FeCl;.6H;0: 7.7¢/L
FEBR(—KEY): 1191
PR 5%, REMA SOmL KFHER, MAEKE 1 H.
K% &M 1: 1.25mlL; fE&H 2: 1.25mlL;

EEE3: 1.25mlL; WEBETEMEEN: ImV/L
B NaOH iff PH {4 4.5-5.0, A8t 6.0, TIREETIS.
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