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Advances in research on the biochemical mechanism of
triticeae and aphid interaction
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Abstract Plant and insect interactions have been a focus of research on the evolution and ecology of insects worldwide.
Understanding these interactions is beneficial to further understanding plant-insect co-evolution and the effective
management of insect pests. In this paper, we review recent progress in research on the biochemical mechanism of
triticeae and aphid interaction, including the defensive roles of plant secondary compounds on aphids, the relationship
between plant defensive enzymes and plant resistance to aphids, aphid counter-defense against plant secondary compounds

and so on. In addition, we explore some problems in understanding plant-insect interactions and discuss the prospects for

the application of new information in modern agriculture.
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1 REWIIERT B RAVRZ T

TPt R Y S B R IR A R e
Y] LLg A% i RE 1, BE (AR ) A 52 3 B
S HBE (EBRAESF,1993) o AN [R] 9 i ) 2 B
[FIRAR T AN [B] St Ao ( 3R) X6 B R BT A R 1Y
Ze5t o MR YD RALH] AR, prdtEnl 7 3
25, ANEFEEM: (non-preference ) 41 (antibiotics )
Fiiit 2 P (tolerance ) (Painter,1951) . FF2RAEYXT
g BT R 35 22 LA AE YE SR 3 (Sotherton and Van
Emden, 1982; Lowe, 1984; Leszczynski, 1987;
Ciepiela, 1989a) , 7E 44 A PP A= PE2H 43 b, A= 4k
YA A, A A N AR ) B S A )
UCAARH = VE SR B, W BRI/ T R
{EE F2 A T AY 2 Hi - ( EBRAESS,1993) o 1%
RAAR ™ 4 55 R W Bt L 2 DD AR OGO 3
(RS AL 2 I AE A 250 e PE ] T A
AR BT I H KA R B {E R A,
FHRAEE AT EREE MBS, fERAEY
T R A AR ELa BAVE .

2 RREMERNIREN ST R E B
e

WAACE Y A A P IR A= R ) — 26
A, A R U AR B, B
HOAy R E, DT 45 4 3 HORh R, H BT B
KAWRAA 3 T1 250, 5 R W) B A8 A5G kAR
oty B SORITARY/ N SNBSS
B ANGESE (JHAAE,1992) o FEERVEMIRN,
SPU A & PR 2 IR G Y i 26
( Leszczynski, 1985 ; % %R 3 45, 1997 5 % B SE 45,
1997 ,2002 ; Havlickova et al. ,1998 ; X144 J1] ,2001 ;
2 AR 45 2002 ; Berzonsky et al. , 2003 ; H i 4,
2008 ;) . % 5 iR ( Argandona et al. , 1983 ; Bohidar
et al. ,1986; Niemeyer, 1988 ; Copaja et al. , 1991;
Givovich et al. ,1996) | 4= #) #f ( Bogumil et al. ,
1989 ; X1 £/ )11, 2001 ; 2% 3 4 45,2002 ) FHdEH A
FEfiR (Ciepiela et al. ,1995 ; Ciepiela and Sempruch,
1999) ,

21 BEUEY
B A R S5 S — M
0, B Rl D 5 4 2T A 1

IGIH IR B AL G W) BRE RT OR BT R AR
FEINAMIFTE R B, B 2R & W) et vh — 2
U YY) BT, M AR AN B S R T
Mg SIS S AR ARG, W o R, B
B (R 4, 1997 5 [k H 3£ 45, 1997 ; Berzonsky
et al. ,2003) , Leszczynski( 1985 ) W} 57 3% B 25 W 1Y
W EHER ARG/ N A Fr ) S 5 i 5
ARG . (H A A BF 58 3R WY, A ) 4H 40 i 1y 5
5/ INAE X R P B A O (25
AEAE,2002) o H UL AT UL, B AR O B AE TR
P FOACRO] , 22 SR PR, A2 S BRI T P, 4R
REZEM RGP0 E B A0 HH 2,
Leszczynski ( 1985) BT 55 T 8 Fhiy ik & ¥ ¥ KA 45
BRI e A, PR AR B i, Wi | BT R |
L2 T AT 4 — M % oF e MU 52 W A K 5 8 Wk
I, BT A B Ak & ) 1 B R ARG 00 e O JRCEE . B0 % /)
AN AT R AN R AR R I IR S | B B RR A5 1y 2
&Y & ] TR R (BR B A
1997 ; Havlickova et al. ,1998 ;i £45,2008;) , A
TAARHETE R, S 2i Bl e 2E Bl -7 -0 -
BT AR A 2 AR S B 2R L 5 ) R ) S R 22
KA I A R B R E AR (KR )1, 2001 ) 5 4 e
OO KA W R OR A 45 8 A B A MR
(PRE,2002) . FGHRE 40 ZAEATTEAR A 2AH
Yrvh R I — S B R M W2 2R G W, X
HA B I 00 HE PR (Argandona et al. , 1983;
Niemeyer,1988) ., Bohidar £ (1986) #F5% T 6 4~/
ARG R U IR i S A R KA
G FR , 45 TR W AU TR e /N 22 22 1 B Be o i v
EEEANEH, S IR & 5 2 A B AR 9 B
KoRor, WAAASC, TE/NZZ A 485 B2 1) 32 JL )
t, W Bl R w0y Al 2 T A (XUOR I,
2001 ) , T A Ay X igf = AR AR A PE IR )
BB T FERAEH] . Corcuera 45 (1985) F & T 4
(9N T ARDRL M SR 22 WF | ] B AR 22 — S Fn 2z T )
MEF A S 5, LT SR B T A B U BE T v i
RAA, TR) B 1 B ARG 22 — SO0 9 08 1, AR I
(2001) 5% A B0 T A 1) 2 it 55 /N2 NP 22 A8 W Y
POk ARG, T S50 90 52 5 ARG, AR G &R
Bk -0. 8324

2.2 HEYW

YA IO — 2 & J AR & 4, a8 i
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WA BEL A B 1 110 BB gy | B HR iy o 28 vp B ()
TRI1,2001) o TEAZ ZRAEYIIAR N BIF T 45 22 22 5| e AR
Yrme, A A ] AR ) B AR R B — R
JEHE, HOor B A 7 HL 2 A A R R ok
P, AH I W A= 0 B B 7 A7 % 22 — SCWF R4
SR WA FERMER], BAERZEZ M Frvh, Bl M 4
Jin i [ A% ( Corcuera, 1984 ; Ziiiiga et al. , 1985;
Ziiiiga and Corcuera,1986) , A[a] B K A2 55 M
FITOR S B AN — , B2 T B Y DR 22 i 5 R
K455 W YL ( Corcuera, 1984) , 253 A4 (2002)
WA B, PO /N2 St R 8 IR AE K BOA i &
rEqULG][17RE o7/ 7 WA ST R B N = S B L R €]
B S EE A YO, /N 2 AR AR 5| e A M e i
INFERT A AW TR R AR R A OG . TER
A AEI R, R A S WF R I SR G AT
o 2 11 il 17 AH 5¢ ( Zuaiiga and Corcuera, 1986) , i
Leszezynski 55 (1989) 45 Jh J0 05| e A= Wy i 5 22 <
IGFAY 7, BN B AHDC X BEAF SR 4 R IR A
() V40 it ol ¢ ] — V) AN [) A A 3, oA A&
Y s A —FE A0 T AT/ B B 2R A
99 A6 S0 R R SR i AR (XU AR 1T, 2001 )
T, % 5 BTt R B ORI 22 57

2.3 EEBRER

AR R A8 AP ) AR & i A
JR ) — 2R AR, H AT 4 ) 400 Z 8, Hl T
5 A EL R A AR AR, 75 88 1 BT A 0 i Al
REACE IE 0 R, 1T S A h i — 2R
AIFEHT) BT (XIER)1,2001) o R4 1 LR 0 22
FAF IR 1S A A R, A [ BT B
b R RN AR M S J R S R S E KE Y
FRRERE A A W W SAHOC Ty - BB T R S,
{EAH 5% PEAS i 3 ( Ciepiela and Sempruch, 1999)
FH IR /N Sl /N E S A A m & E S
MR B - WEEE - L - WAL .y - &I T R5EE
HHEHEMR (Ciepiela et al. ,1995) . ML, AEEH
REERRAE 2 SN P b — R R B AP
G, 2 MR T i X 250 G WK X AR
FE )T R B AL BT 2R S

3 EMb#EES E XY

N T HRBE RARE MR e U RE
Hi T A A AR AL W0 B B R TR, AN R A )

AR B AN [ A BT HURE g o AR AE P A B
YRR AEA G W) & B SR N R — L
Tl ZR (ECPR B A PR ), 40 R Y 2 TR A
( phenylalanine ammonia-lyase,, PAL) | %2 Wy B AL il
( polyphenol oxidase, PPO ) F1 i & 41k ¥ Bl
(peroxidase , POD ) 5547 35 B ZEHYIK 22, EA TAHE )
WAL & Y6 i ECE [ R A R 1R
(Verpoorte and Alfermann,2000; Han et al. ,2009;
He et al. ,2011)

3.1 XREMBSE(PAL)

PAL SZAEP R N 28 L9 Bt L2 AR 42 ol
RN AR AL R S = A B R 1 G M, S =X A
R n] ik B LA T Bk i — 2D i 2
MR AR AL S W, AR SR R R A R B R
( Corcuera et al. ,1985) , I 7ZEHEAAR &1k B B2 A0
)3 i D T R T B AR o A 22 AR T g
HA BT AT 5T v e B, RN R e A i 5 42 R A
YIRBUPE A BBV R . REPU M 28
PN TR ik 2 T 1 e T BUE A ( Chaman et al.
2003 ) , 7ESTBEI A5 T IR AR BT E S R LE R
i 5% J IR v 0 2 A PAL B9 75 7% (Han et al.
2009) 0 R0 22 A W 2H 21 b AR DN A R i
WA ER IS SR, 22 K8 IR G T S Bt
UG FIRRAGE 28 /N2 i R T SR A AR PATL 3% 4
B30 ( Clepiela, 1989b ; Havilckova et al. ,1996)
IgF R YL R A I, 25 51 e 28 TN 2 R e 2 T 0 12
THiE (Clepiela, 1989h) ; 15 Hu g il 75 G 4T HU il 5
AR AL R rp O AR PAL 3 14 B9 35 i ( Han
et al. ,2009) . WF {2 Yy 3 PO [l G g AL
I, PAL AR RN X, BAEHRD 72 h J5 2 FhdiitEsE 1
Hg PAL TEPEEL ) (He et al. ,2011) , JXLEHF5E
73S , A PN 2 R i 2 T ] R 7 L ) T i TR ) B
h BLAT EE R R AR, B A BE I 4 By 1 R YK
S YIS IR R — D ISR .

3.2 ZEEMNE(PPO)5E3RLMEE(POD)

PPO Fi1 POD 248 1k il Y S8 Ak S5 2 , 4k
A A AN [] 608 53 1R i A4 JE TSGR , AT %of B e
A EVE B IA Y S B SR . FEAE IR
PPO fEILMME M B HUIH AL R H O 5 2 28 i, FEAIR
L s fi 2 I Y K A e 0 (2858 A5, 2008 )
Igf R AT AN /N A PPO T A4 ( Leszezynski,
1985 ; Boughton et al. ,2006) . /N7 Prof i Fl s 35
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H AR PPO (135 P LM Rl sy, HL 22l i e sk
Y, Uk AR S AN AE S AR I RN 3R T 15 PPO TR
PEER AT B 38 m, HL M & Fh S n 9 B8 £ (Han
et al. ,2009) , WF AR YL 3 BN R BTPE G AL A
i, PPO RPN X, HAEHFD 72 h )5 2 Fhidk45 1
FE) PPO 3G %8 7 (He et al., 2011), fH
Chrzanowski 25 (2003 ) TA Sy, JBPE FNPT MR /N i
Tl 22 4 48 0 422 % I T AR5 3 PPO 335 4 5 1 e
fiko Ni %5(2001) W55 R U], P W 22 F i AN 25
5P AU AR R R N PPO 6 P 19 AR 1k
PR , X St e 45 35 R FRATT, PPO 7T RE 5 22 2K 4E
VB AEAF BT — 5 (1) O FR , AH/INZZ S Re 1 A i
HAPAEWREZ I PPO ZEAE AU 3RIA .

b Al 3 A AE T AR A 2 ) — R
SAALIE IR, LA H,0, 1E b ML 52 14, 1k &l ik
ARG R, AR S S
TEPE MR T & AR 4, g iz PR
BUHERFGE . TR AR BF IR /N2 b, 5 RRE
FAH L, BUEF S FR AE 53 BE AR WA 55 ) POD
T TR rPORH 25 I 3 iF R IBCR R T I M
5 BRI i R AN A 9 POD 3% P 3 /i ( Han
et al. ,2009) . Wf M {2 g% 3 BRI TE 3G AL R
i, POD [z W AN , HANAE B otk 0 38 46 i
F B EE M (He er al. ,2011) , Hy 1]
POD BA — & BT W5 P , (B2 A8 ) i R 1 S iF
MR O] RERZ I POD FERE AL 21 (1 63k

25 LTk, A A B Il R A L S rh
RARAE FEAE M o AEA IG5 A e g R 45 A ) %o
e A B AR FH A AL R 5 TR AR S AT AR A O 5 X
TR Z RAE IR TR A A BN R
X

4 EEIEYREN SRR

AEAEY) XS T F B G AN R B RE T, 5
32 D DIVANE S EQ G B R K7/ N R S A/ KT S N
[F] AR BAT o o ANTa) 3 B O A A6 W G S
A 250, X BT A A A W ) B 2 R
XA FE AR AL B 1, B R I 00 By 6 45
R 8RN B B S A T O FITE AL HEE R A1k S )
ARG A A A8 W Ok A2 Ak & W) 25 2 B AR B
( Berenbaum ,2001 ; Despres et al. ,2007 ; Castaneda
et al. ,2010) . TEALFRAEY R A= A0 A Wi A= B4 1L
BL b, B — S A B AR, AN AN i (5 3R P450 R

PR MG AN A e H ik S - FeRo i (& A iR, 1997 5
Figueroa et al., 1999; loayza et al., 2000;
Schoonhoven et al. ,2005 ;Li et al. ,2007) FNE AL [l
F, it A ALY POD | £ By A fL i PPO Hlid A
el CAT 55 &k #% % # 2 14 F (Urbaska and
Leszczynski, 1992 ; Leszczynski et al. ,1993)

4.1 AR P450

YA A ZR PASO S — K 32 B 5 Wl K T TP Y
RO, HAAY 5 R UK R P s E
BE W) ESE (Despres et al. ,2007) . 4l 4 R
PAS0 LESC 3R Ay Jo T, TG A ) A Gk A
[ ZRIB A IR 25 Tl & AR SR IRAL G ) o Castaneda
Z5(2010) J A KA I HUE &5 AN [ i B2 AU TR 17
INZZ I, AR Y A 68 3R PASO 3 M 5 ik B A GE AR
K WA A G BE A Rk
4.2 ABRHBKKS -%#E(GSTs)

BWEH K S - H Al (GSTs) 2 —KZ 5 A
UGB 1 ik 2 g, HC 32 A 10 5 I B A8 e
JOR 55 45 ol o3 FL R AR AL 5 W SR AR, T i v 5 i
k5 ok B L HEf# 19 %) i ( Vanhaelen et al. ,2001)
HEhnE R AR GSTs & 6, AT 4 5 B Xt — R 1)
5 W3 B L B Ae 7 ( Foumier et al., 1992 ),
Leszezynski 55 (1993) B 7EDUIE/NEZ b E R
VR B R S I AR Y GST 16k L i
ANZZ R IR o 20 R A MR R R Y
PR , W O ) GST % M3 5t , I Ll 0 6 4
PR S IE A ¢ (Cai et al. ,2009) , Castaneda
S (2010) e B2 KA R BCRS A [k 5 1) Ul TR
VBN Bt AU BR Uk BE A 1S n, GST (1 il
LRI 5 1T Mukanganyama 45 (2003 ) 75 R i
FET A J5 , GST (W% 2 /D4 il 30% . Fh LT
UL, GST Xof A [6] B I A= Ak W0 A AN [ 1) Ak 3 7
Ko

4.3 JREATRES

F AR R I 18 AE S K i A TR Uk A4
YR EREE | TR A AL 5 W Y ( Despres
et al. ,2007) . AR IR AN 1E R BB A I A
WEWB TR AT BT R B, B Pt/ NA dh
o 149 22 B PRy T 1 41 v T BB S A o 19
(BEE 55,1997 ; Cai et al. ,2004) , 437 Iof gl i
e AN[RIE L 10 7 A7 BT, % DAY ) 582 T T R 4% 17
T, ELSE IR 5 AT e JEE S TE A G, i L
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FRIRTG 2 5 p AT 98 ) i 5 (Cai et al. ,2009)
Mukanganyama %5 (2003 ) & MK A 45 &5 S 7R R &
0.5 ~4 mmol/L ¥ i T A i, FR I e it 114 7% M AR 4k
il 50% ~75% , Castaneda %5 (2010) 1 % Pt 24
A KA W I T AN TR e 32 S5 R 1 /N 22 B, AR
FRIRTRBG TS PEZ 20 o E IR 3R W R R T i
Z 5GP, B2 m R U ke e

4.4 FHFEFEEESE

B A o 1Y S Ak BT 26 0 5 4Rk ) Tl
(POD) Z W% ALl (PPO ) Filid %A 1k S0 ( CAT)
TEACHHE ) R A A W vh o & 43R 7T 208 1 4
Hlo POD A1 PPO 135 73 A 7 857 Hy py e g v, 2 22
PRI 28 S IR AE ), A AR TR, DA T e JIRAE )
(IR 52 17 (Miles , 1999 5 Th 45 ,2010) o 2 B 48
AT I S A i i EL AT 3L [m] ) IS ) 3 2 W
ot ABAT — ¥ o3 HRE H o A W i AR AL, s AT
W, 38 M2 (Madhusudhan , 1994 ) 48 SCEGIFEH
1 F R AN W) W BE Y P AT, POD A PPO Y
TEVER I W3k 22 5, HLA P deivk B 5 i ik
Y POD 1% M AH G HE SR, 5 PPO I% M AH OGP 55
(Cai et al. ,2009) , CAT &R MFHMAL P L
B , P SR S i, T A A 2 KA
(e % ( Urbanska, 2007 ) . I 3¢ 37 IR & 0 8h R
(IFTSE 0T, A P9 Y CAT He X BE A4 6 14 388 i ( Rup
et al. ,2006) , oF HUTE S VR BT AT SR T L AR
CAT B 6 ™ B R A 5 EL I 5 28 Ak 5 0 P ik
W B 22 [B) A o 2 R R R AR B . X R CAT W] fig
PRI A A0 B 5, 2 2 ) 6l R T 26 S () 2
Rk K (Cai et al. ,2009)

5 HI=ERE

HY) 5 R R AR AR R ST R R A AR
AR B T A 5 T, BT A AN
H B KB AL — ER AR o R R
FHTFERI AR, F RTIT S 2 i 2 A R AR
PG Wg 5 R B A8 VR A BT e A 4 1 8 A
25 XA A 7 IO B B T2 T S [E A
Yyt O ORI LAl 35 2036 BT R A, AT
IIF5E A B 32 1 AR W X AR B A B AL ) O
I, LT T A B AL & Y2 i
i A Wl AR P A b B T R R R 4R
AL WA R 0 By AR AL B S AR

SR BIWTFE LI 1 HE I (KK S-SR 42 AR )
Xt R BITAE , AR, A4 B i A e N B
T EREARMES &, 57 AT AR R
P B R HL AR

L) ) 57 -5 B HRL ) S B A el A 5 R R A
HARHHE—X F TR BT E R BrE A
B A A A B B SIS S T S G A 2 ke o
L) 73 0 P 3 IO P, i S A P B e 4 A i R
TEAEI R B BT AR P S N R, B U PN it 2 1l
H—Se S AR A TR AT MR T A X Lt
il 22 AR IO A A6 D A R A DAY ) 52 ) B 3k
il 2 TPl A R DX, A B T BT A B 1 AR
Py T BE, 4 v 3 AR B A U AR A S Y
B | AT AR A A ) 5 SR A R A R, S A A
Yy BB R TS BA BRI — AT R AR
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