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Anti-aphid Effect of Pigeonpea Lectin

LUO Rui-Hong™?, LI Yang-Rui'"?

(1. Guangzi Crop Improvement and Biotechnology Laboratory, Guangxi Academy of Agricwltural Sciences, Nanning

530007, China; 2. Agricultural Colfege ,Guangxi University, Nanning 530005, China)

Abstract; Pigeonpea lectin was extracted by ammonium sulfate fractionation. After purified by
affinity chromatography on a ConA-Sepharose 4B column, it was added into an artificial holidic
diet to feed aphids. The result showed that lectin from all the varieties of pigeonpea had anti-
aphid effect to various extensions, which may be sorted descending as ICP 8863=ICPL 85010>
ICPL 99066 > ICPL 7035 =ICPH 8==ICPL 9008 >ICP 6997 >>HaiNan = ICPL 87091 > ICPL

871169.
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Table 1  FEffects of different sucrose concentrations in artificial feed on
growth, development and propagation of peach aphids

Az | _—A"_T_-.’i‘l?]'ﬁ?ﬁ-l—ﬂfﬂkﬂcfff Artificial feed +Sucrose concentration (%) 5 B
Survey item 0 10 15 20 25 30 35 A0
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A F IS Duncan tese{0, 01) C B AB AB A A AB AB A C
FEFIETIE Ollspring death rate{ 24} 100 40 45 55 15 20 25 35 15 100
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Table 2 Effect of feeding pigeonpea lectin on survival rate of peach aphid )
I
,’#ﬁfo’fﬁﬁ WAEFTY  Feeding days #&mﬁm fARFAY  Feeding days
i Fl Lectin = i Lectin
Cultivar cONCen- Cultivar concen-
tration g 2 4 L} 8 10 12 14 16 18 Lration 2 4 fi 8 10 12 14 16 18
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HELCK. S E W R CRa. A0 238 ENHE.

Motes CKy. Artificial feedy CH3z. Supernatant of peach leal homogenate,

B 8F A7 5 B 4 B A 19% 0 14%; W BE Ky o F)
1. 0 g/Li, o BITEAR TR 214 14,12 KRk H o hpE
WEAE T s W HERTINE] 1. 5 g/L BA LB, ShIF R iE A8
iF8 d, T ICPL87091 Fl ICPL87119 (S H %
00 A il R Bk 0 35 A AR, TO I8 A IR B 2 iR
BELHS 18 RIF M MAFREEMEE 7ol B, A
1.5 /L i o BE 58 ) 8 5 AE = B3, T 17 3R 1Y
18 d, fAiGE MY E., HAIEL DA MRE".
ICP6997, ICPHS. ICPL9008, ICPL7035 #11 IC-
PLY9066 [ 5E 42 & X Bk 86 the o A [m] F2 HE B DUSE 1,
B 2 ¢ BE 0 Ry T, HLAE AR A0, 85F HFF 5 R TR
% B RO X R R R, R E SRR T R
AR IEER A B W — R B
T Rt 28 05 P 5 R A B RO
PR,

ik S5itie

AT EEAE AR PUIESE B T R A e, il
10 4~ Flr e, ICP 8863 1 ICPL 85010 (9 ¥R £ X
Hk 45F 19 1 AE ¥ X $E3R, T ICPL 87091 fil ICPL

3

87119 XU WA FLIEHEFE 59 . LR B A5 H 8k
TF 16 Z0E T , 45 0 T oA 55 48 2 % Bk o B 1k R A
JEJ¥im T ICP 8863=>ICPL 85010=>ICPL 99066>
ICPL 7035=ICPH 8=ICPL 9008==ICP 6997 “{#
B =ICPL 87091>>ICPL 87119,

u3F v o B A Ak b g BIUER, 7E SR AT A
Tiags, B R E R EMCHEZT TN
{1 o BT (7 FE £ A0 5 AR, B R o e ol PR )5 P i 3
RG4S b, 75 T 95F o T s 1 2 O B ) A ek, e 1
AT RE T B TR B T . I R S bR
H— W N EH R R RN AR R SR, W 2
AR R B I fb B2, AT 5 NS [ sk H 8 [ Bre-
vicorvne brassicae (Linne )] F1Hb 19F fif I 5% 8 B , %
B WA AR Bk B Wi ge . BNAERREF AR T fr ik
B —EEN T ARG, XA —EBREH
W L 33— A DA I ST S T A 3 R 1 L
T LAFRF] 22 1 W DR WA Bk IR R Aty , X ik ot
)3 WA b A S R R SR A S N R 30 d; 3R
2 B MR R S B O 25 S0n I O 4 R i A
AL FE L, W AR A 3R b R B R R aE R, PR T



500 IV - I

23

AL 4d,

A [5] it o A A R 4R 3 A BRI ) B O A K
ZEIt w7 1A [R) S U5 A 5 4 3 % B BObL e A e
W () 2 2 VE o B S R BT ST B, R R N R
AL, BIERME L F S E U E e
B S s ) R R U AR 2440 ) e 25 R 1
PR UM R AT BRI . R RS A U Bk A O ik
i AR N AR 3, B A R sk R R
MELIFEFAZRMN1~50 mg/g & 5~
1500 pg/mL A%, B EH SRR E 18X 4 ik
I AR B TR ER R L BRI
B 4 L Al WAL SR 2 F R A, B RUE AL B A
(EOH—REFE _REFREAOFH RN,

B R AL R ) DU R R UL I SE 2 57
HOHELEMAMWA I AR LEFERD
SRR AT, — R O B i fhE T g e Rl (R K
RN ) B A, R RE S & B B BRI 1 41 2 45
k. RERR X SRS AL R G R — BT
P BEAR R B R e £ MR e FRE S HmiE
BN M 2 11 45 5, T 00 38 (f) o3 18 T AL SR 5
ak. M4, BEEFISE G 3R B HiEHS EH]
(R0 S H A GO AR AT T AR S (O i Al B
AT H BN R AR R F LA S E
T 7K A il I ot 0 A Y R BT A IR R SR 1 A
REAR MG HOR . RELE R A RFREINT Grif
Jonia simplicifolia AR E (GSID . K THEE
B ], A e A2 B 2 TR RS AR T
AR JLT B B0, JUT TR 4 T 4 K & B0 i)
R B il b p A0 M L R R R A2 Ok B
BE il 4 B, 4 B Talisia esculenta $l Koel-
reuteria paniculata U4 E| (4 L E TEL
KpLec #iJ& JLT Bl & 8808 % . ol 45 & 3 He il
A J2 40 I 3T Y 2 TR0 B2 4R X3 H ri g ke R (CL
maculates Tl Anagasta kuehniella) 4] B X F & F|
LE € St L N R b = SR i |
0. 1% 70y TEL B9 SIHT N C. maculates 3. 9%
(R*=0. 98) M Zabrotes subfasciatus 4.1% (R*=
0. 99) (9 € T2 H 0, i 45 49 0 0. 1 %3] fit i) KpLec,
4 BB C. maculates 5.9% (R*=0.98) ff1
Anagasta kuehniella 5.3% (R® = 0.96) #7 JE 1=
FRUS, /T M EEE R R GNAMRE
T\ (Nilaparvata lugens) HI1E R , Powell! ™% F G
FFRHET TR AR T ZEEREN R
TR E, R E R W BRI A LR ES R

REMRNLES, HEZ2EEN GNA RS &3
8 6 B R B P B SR T, VT AE R AR AR5 i
MR EEDPHRERNGOREES S
37 a0 5 5 B 0 0 22 MRk R R AR R E T R
GNA #R{UERZ 55 &AM E S, tbib, R
04 AT 20 GNA £ 5 K | B SLAT LA K s A~ I
O fEeE, R W GNA REUEZEIE P 5 b R LR, 2k A
BB R I P FR 40 A 2R 40w Sl OR

ASAL CJCar H i 85 & BEAR 3O 3 3 B Tk g
BEREME IR A SR R E R —
¥ (Lypaphis erysimi YL A L (Dysdercus cingu-
Latus) () 7 8 P b B 40 I A7 R 48 A vE [ L 1A
HrA D, ASAL 2351 456 31 HF oA 5L o (v R £
REREI 2R A0y 55 kDa A 45 kDa R #EFRE |,
A REBRAE T BEAEHE . GNA 1 ConA 55 103 8l
7] R 1 i S 0y S, 7 R B D BRI 3 B A R
O RUXPFSEE R SRS 5 E HLE
BE s R Gk T a4 . BRI it GNA RRES
R R P i KA TE 35 A5 e, B 45 R 2
XD, Habibi i BF 551 877 , PHA (LET
TEHEEY T L E IR Lygus hesperus 8908 E
B2 40 .

E LY AL R O N e R B R S —
Wi ] 2 T o i AR R R R4 S W 1 N AL R
B 5 A BT SR L T B AL AT, ) dn 4R ot GNA
il ConA, ¥ T Lacanobia oleracea %1 B i /9 7]
V1A TGP R % R G 1 06 L WA AR S T
TN 0% L LA S AL A U E N Y & RS )
SR (i TE (g ) 7 38 3 B O D BCER I I, R
B GNA 1 ConA RLTHERTIA 1 4057 B 38 P Jp iy
KT FHE . GNARIER T RO HIE RN o %R
1 5 R B35 W 0R 5 ConA JEATIX PR . kit
BE AR A B i a8 v, 0L £ RS H B R (B
S 2R £ JEE B 45 o BT R 1] 52 522 v 6 95 WL #0120,
#y KL (Nilaparvata lugens) ]P0 B AL 3= 2 0§
Al lE LR Ao B A 7= U R B R A R S Lk
$RHCE ¢ BT A G e R L A O mb kb . GNA,
MAA (Maackia amurensis &3 ) H DAS(Di ffen-
bachia sequina WEHEE) S X P HB RN ESH 2
TR A H SR, RS, HHRESS
REBEAY P RE, DRENRE EEE R
BREERARREFERDLIELTMMA, XHEER
{73 BT L2 522 o T 460 3] 7 B 2 0, DAL T 2L {67 L 4R X 2% o
0 B S X R AT LRl A R Y AT ARL



55

5 A« A SO AR R v A A AR 501

ROEAMEERM B D ER R AR
i, (B 78 X BUR B 729 R G 76 T I T 2 4 & 31
R4 vl 8 22 A T G 4 R0 R B R ), L
DA HU B B A PR E B R B R T
B et , — T AR ] X 7 Clo 3 5 0 G 1
MEEF, “RER RO, EER, IR
HEBEETCOLHE GNAERYI R RES £
%M HGEDT), ik b, BRI T R R
FH A 23 B AR F BRI AR iE.
4R MR, A JFRE GNA R E T RS
I BE R I ASA MBFFES R T R K6, [ H
2T HE B 4l B s A DU v (BLX W FL 3 4 5
HARFI D 0, H I, GNA B R AIFILF
,1},;__-% IT' ’ E?::E. E&%Q_&F[EE. 29, 35—103‘ ?Ji( jﬁ[ﬂl. iz -11'-451\ -H'
HELT 4 R VTS B A (IR R
A R BT AR IR A R, BE AR B A o s
16 B AT R A AR AT AR B ST S5 ROk L (AR
HE— 2 5 A B AR AT T, MDD IR
TS A S L 7 Y (Y 400 BERE R

B A ol 1 AL A2 O Bl B U
LB 5 TG S B R 2000 2 e R B8 w2 AR 9 R o £ R
S I A AR 2 4 R R T T R R R B T
SR {508 3 40 9 R DA 0 T A B AT I B AR 0
ST T RIS AT

BE3H -

[17] ZFEkM, 2%, R ssf R dFaemil
T ll A2, 2000, 20020, 93 — 96,

B, AR, ERE, AN R SRR AT M BT
BRLLI]. el dosE S, 1099, 1902, 122 =124, 144,
RS, e, UM, RIEAT. DTS IEE R A
HARAE AL, Hit2Ed®, 2000, 42¢7): T19 =723

Ca] JA%, MDD, B4R, SRR 5905 16 S 0 103 3 2 1H 1
RERPHE ST IR R 1D R IESER, 1998, 14(1): 13 —
19.

SRR, BFA, WA, ME N BEEEEHK KL (gnadfy
Pt B CPRAFPELD]. HiI¥IAELR, 2001, 4306, 592 — 597,
R E], N, S vEan. OUNEE I 3 Ak (M o s B R e 2
R YR SE ()], B LRSI, 2001, 17010 34—
39.

BRI, AR AR SR A 9 R O SR PR B A AR O
Pl A R L2004, 23030, 262 — 264,

AT NI R N AL A blA T T R b T AL ).
TGl Jo 2 2240, 1987, 1703) . 217 — 221,

Gatehouse A M R, Powell K 5, Van Damme E J M, Peu-
mans W J, Gatehouse ] A. Insecticidal properties of plant
lectins; their potential in plant protection [A7. In, Pustzai
A, Bardoez S eds. Lectins: Biomedical Perspeetives [C].
London; Taylor and Francis, 1995, 35— 58,

Schuler T H, Poppy G M, Kerry B R, Denholm [, Insectre-
sistant transgenic plants[J]. Trends Bivtechnol, 1998, 16.
168 — 174, ;
Carlini C R, Grossi-de-8a'M F. Plant toxic proteins with in-

Lz]
[3]

L4l

[6]

[7]
L&]

L9]

o]

[11]

secticidal properties. A review on their potentialities as bioin-

[1z]

[13]

[14]

[15]

[16]

(7]

18]

[19]

L20]

[21]

[2z]

[23]

[24]

[25]

secticides [J7]. Tozicon, 2002, 20,1 515 —1 530.

Pusztai A, General ¢ffects on animal cells [A7], In: Pusztai
A ed. Plant Leetins[C]. Cambridge: Cambridge University
Press, 1991. 105 — 205.

Zhu-Salzman K, Shade R E, Koiwa H, Salzman R A,
Marasimhan M, Bressan R A, Hasegawa P M., Murdock L.
I.. Carhohydrate binding and resistance to proteolysis control
insecticidal activity of Griffonia simplicifolia lectin 11 [J].
Proc Natl Acad Scf [/SA, 1998, 95; 15123 — 15 128,
Peumans W |, Van Damme E ] M. The role of lectins in the
plant defense against insects [A] In: Van Dricssche E,
Fisher ], Beeckmans S, Bog-HanzenT C eds. Lectins: Biolo-
gy Biochemistry, Clinical Biachemistry [C7]. Denmark;
Textop, Hellerup, 1994. 128 — 141.

Macedo M L R, Mello G C, Freire M G M, Novello ] C,
Marangoni S, Matos D G G, Effect of a trypsin inhibitor
from Dimarphandra mollis seeds on the development of Cal-
losobruchus macalatus lacval[J]. Plant Physiol Bioch, 2002,
40: 891 — 898,

Macedo M L R, Freire M G M, Cabrimi E C, Toyama M H.,
Novello ] C, Marangoni S. A trypsin inhibitor from Pel-
tophorum dubium seeds active against pest proteases and its
effects on the survival of Anagasta kuehniellla (Lepidoptera
Pyralidaed [1]. Biochem Biophys Acta, 2003, 1621; 170 —
182,

Powell K S, Spence ], Bharathi M, Gatehouse | A, Gate-
house A M R.
studies to elucidate the mechanism of action of the snowdrop

Immunchistochemical and developmental

lectin on the rice brown planthopper, Nilaparvata fugens
(Stald [J0. J Frsect Physiol . 1998, 44. 529 — 539,

Du |, Foissae X, Carss A, Gatehouse A M R, Gatehouse |
A. Ferritin acts as the most abundant binding protein for
snowdrop lectin in the midgut of rice brown planthoppers
( Nilaparvata {ugens)[1]. Insect Biochem Mol Biof, 2000,
30: 297 — 305,

Bandyopadhyay 5, Roy A, Das 8. Binding of garlic {Aflium
sativam) leaf lectin 1o the gut receptors of homopteran pests
is correlated to its insecticidal activity [1]. Plant Sci, 2001,
161; 1025 —1 033,

Fitches E, Woodhouse S D, Edwards ] P, Gatehouse ] A. ['n
witro and in vive binding of snowdrop (Galanthus nivalis ag-
glutining GNA) and jackbean (Canavalia ensiformis; Con A)
lecting within tomato moth { Lacanobia olevacea) larvae,
mechanisms of insecticidal action[ ], J Tnsect Physiol v 2001,
47, TIT — 787,

Hahibi ]+ Backus E A, Huesing ] E. Effects of phytohemag-
glutinin (PHA) on the structure of midgut epithelial cells and
localization of its binding sites in western tarnished plant
bug. Lygus hesperus Knight [1]. J Insect Physiol, 2000, 46;
611 — 619,

Van Damme E | M., Peumans W ], Barre A, Rouge' P.
Plant lectins; a composite of several distinct families of strue-
turally and evolutionary related proteins with diverse biologi-
cal role [J]. Crit Rev Plant Sciy 1998, 17, 575 — 692,
Fitches E, Gatehouse ] A. A comparison of the short and
long term effects of insecticidal lecting on the activities of sol-
uble and brush border enzymes of tomato moth larvae (La-
conabia oleracea) [1]. J Insect Physiof, 1998, 44, 1213 —
1224,

Small G J. Hemingway J. Molecular characterization of the
amplified carboxylesterase gene associated with organophos-
phorus insecticide resistance in the brown planthopper. Nila-
parvaia lugens[1]. Insect Mol Biof, 2000, 9; 647 — 653,
Jouanin L, Bonade B M, Girard C. Morrot G Giband M.
Transgenic plants for insect resistance [J]. Plant Sci, 1998,



502 RO OH 44 R FRRE
131: 1—11. [38] Bell H A, Fitches E C, Down R E, Marris G C, Edwards ]
[26] Waughan A, Hilder V A, Boulter D. Genetic engineering of P. Gatehouse J A, Gatehouse A M R. The effect of snow-

[28]

[25]

[30]

[31]

[32]

[32]

[34]

[35]

-

[36]

[37]

crop plants for insect resistance-a critical review [J]. Crop
Prot, 1958, 18: 177 — 151,

Hilder ¥ A, Powell K 5, Gatehouse A M R, Gatehouse | A,
Gatehouse L Ny Shi Y, Hamilton W D O, Merryweather A,
Mewell C Ay Timans | C. Expression of snowdrop lectin in
transgenic tobacco plants resulted in added protection against
aphids [J]. Transgenic Res, 1995, 4; 18 = 25,

Down R E, Gatehouse A M R, Hamilton W D O, Garchouse
J AL Snowdrop lectin inhibits development and decreases fe-
cundity of the glasshouse potato aphid (Auwlacorthum solani)
when administered in vivo and via transgenic plants both in
laboratory and glasshouse trials [J]. J Imsect Physiol , 1956,
42:1035=—1 045.

Gatchouse A M R, Down R E , Powell K 5, Sauvion N,
Rahbe" Y, Mewell C A, Merryweather, A, Hamilion, W D
0, Gatehouse, ] A, Transgenic potato plants with enhanced
resistance to the peach-potato aphid Mirzus persicae [1]. En-
tomol Exp Appds 1896, 79, 205 — 307,

Crapla T H. Plant lectins as insect control proteins in trans-
genie plants [AT, In; Carozei, N. Koziel, M eds, Advances
in Insect Control; The Role of Transgenic Plants [C] UK,
Taylor and Francis, Basingstoke, 1997. 123 — 138,

Rao K V', Rathore K S, Hodges T K,Fu X, Stoger E, Sud-
hakar D, Williams S, Christou P, Bharathi M, Bown D P,
Powell K 5, Spence ], Gatehouse A M R, Gatehouse | A,
Expression of snowdrop leetin (GNA) in transgenic rice
plants confers resistance to rice brown planthopper [J].
Plant J, 1998, 15; 469 — 477,

Foissac X Loc N T, Christou P, Gatehouse A M R, Gath-
ouse ] A, Resistance to green leafhopper ( Nephotettix
virescens) and brown planthopper { Nilaparvate fugens) in
transgenic rice expressing snowdrop lectin (Galamthus nivalis
agglutining GMNAJ [10. F Insect Physiol, 2000, 46 573 —
53,

Couty A, de-la-Vina G, Clark S ], Kaiser L, Pham DM H,
Poppy G M. Direct and indirect sublethal effects of Galan-
thus mivalis agglutinin {(GNA) on the development of a pota-
to-aphid parasitoid, Aphelings abdominalis {Hymenoptera;
Aphelinidae) [J]. J Fusect Physiol, 2001, 47; 553 — 561.
Powell K 5, Gatehouse A M R, Hilder V A, Van Damme E
I M, Peumans W J, Boonjawat ], Horsham K, Gatehouse |
A, Different antimetabolic effects of related lectins towards
nymphal stages of Nilaparoata fugens [17]. Entomol Exp Ap-
pis 1995, 75, 61 — 65.

Couty A, Down R E, Gatehouse A M R, Kaiser L, Pham-
Delegue M H, Poppy G M. Effects of artificial dier contain-
ing GNA and GMA-expressing potaioes on the development
of the aphid parasitoid Aphidius ervd Haliday (Hymenoptera,
Aphidiidae) [11. J Tnsect Physiol, 2001, 47: 1 357 — 1 366.
Fitches E, Gatehouse A M R, Gatchouse ] A. Effects of
snowdrop lectin (GNA) delivered via artificial diet and trans-
genic plant on the development of tomato moth (Lacanobia
wleracea) larvae in laboratory and glasshouse trials E]] J In-
sect Phystol, 1997, 8, 727 — 7309,

Gatehouse A M, Davison G M, Newell C A, Hamilton W D
O, Burgess EP |, Gilbert R | C, Gatehouse ] A. Transgenic
potato plants with enhanced resistance to the tomato moth,
Lacanobia oferacea; growth room trials [J]. Mol Breed,
1997, 3: 49— 63.

[29]

L40]

[41]

[43]

[44]

[45]

[46]

[47]

(48]

[48]

drop lectin (GNA) delivered via artificial diet and transgenic
plants on Ewlophus pennicornis {Hymenoptera: Eulophidae),

a parasitoid of the tomato moth Lacanebia oleracea (Lepi-
doprera; Noctuidae) [17. J Insect Physiol, 1999, 45, 933 —
991.

Bell H A, Fitches E C, Marris G C, Bell J, Edwards ] P,
Gatchouse ] A, Gatehouse A M R. Transgenic, GNA ex-
pressing potato plants augment the beneficial biocontrol of
Lacanobia oferacea (Lepidopteray MNoctuidae) by the para-
sitoid Ewlophus pennicornis (Hymenoptera; Eulophidae) [17.
Transgenic Res, 2001, 10, 35 —4Z.

Down R E, Ford L., Bedford 5 J, Gatehouse L N, Newell C,
Gatehouse ] A, Gatchouse A M R, Influence of plant devel-
opment and environment on transgene expression in potato
and consequences for insect resistance [J]. Transgenic Res,
2001, 10, 223 — Z36.

Tinjuangjun P, Loc N T, Gatehouse A M R, Gatehouse J A,
Christou P. Enhanced insect resistance in Thai rice varieties
generated by particle bombardment [J7], Mol Breed, 2000,
6: 351 — 304,

Ma(;bm}] S5 B, Rizauddin 8, Loe N T, Gatehouse A M R,
Gatehouse ] A, Christou P. Expression of multiple insectici-
dal genes confers broad resistance against a range of different
rice pests [J]. Mol Breed, 2001, 7, 85 — 93.

Tang K., Zhao E, Sun X, Wan B, Qi H, Lu X. Production
of transgenic rice homozygous lines with enhanced resistance
to the rice brown planthopper [, Acta Biotechnol, 2001,
21: 117 —124.

Loc M T, Tinjuangjun P, Gawehouse A M R, Christou P,
Gatchouse | A, Linear transgene constructs lacking vector
backbone sequences generate transgenic rice plants which ac-
cumulate bighnr levels of proteins confcrring insect resistance
[J]. Mol Breed, 2002, 9; 231 — 244.

Sun X, Wu A, Tang K. Transgenic rice lines with enhanced
resistance to the small brown planthopper [J1]. Crop Prot.
2002, 21 ; 511 —514.

Wu A, Sun X, Pang Y, Tang K. Homozygous transgenic
rice lines expressing GNA with enhanced resistance to the
rice sap-sucking pest Laodelphax striatellus []]. Plant
Breed, 2002, 121. 93 — 05,

Setamou M, Bernal | S, Legaspi ] C, Mirkov T E, Legaspi B
C Jr. Evaluation of lectin-expressing transgenic sugarcane a-
gainst stalkborers (Lepidoptera; Pyralidae); effects on life
history parameters []]. J Econ Entomol, 2002, 95; 460 —
477,

Tomov B W, Bernal ] 8. Effects of GNA trnnﬁgun;c SUEAT-
cane on life history parameters of Parallorhogas pyralopha-
gus (Marsh) (Hymenoptera, Braconidae), a parasitoid of
Mexican rice borer[J]. J Econ Entomol, 2003, 96, 570 —
576.

Wang Z B, Guo 5. Expression of two inseet resistant gones
crylA (hande) GMNA in transgenic tobacco plants results in
added protection against hoth cotton bollworm and aphid.r.
[1]. Chinese Sci Bull, 1999, 44, 2 051 — 2 058,

Stoger E, Williams S, Christou P, Down R E, Gatehouse |
A. Expression of the insecticidal lectin from snowdrop
(Galanthus nivalis agglotining GNAD in transgenic wheat
plants; effects on predation hy the grain aphid Sitobion ave-
nae[]J]. Mol Breed, 199%, 5, 65 —73,



