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Abstract: To investigate the molecular mechanisms of defense response that Spodoptera frugiperda in-
festation trigger in maize plants, transcriptome sequencing was performed to analyze the maize plants
infested with S. frugiperda larvae, and as yet unknown defensive genes involved in the biosynthesis of
important secondary metabolites were identified. The results showed that 1 645 transcripts were differ-
entially expressed (log,|treatment/control|>1; FDR<0.05) in S. frugiperda-infested (18 h) maize leaves
compared to the uninfested control plants. Among these differentially expressed genes (DEGs), 1 352
were significantly upregulated, and 293 were significantly downregulated. Most of the DEGs involved
in biosynthesis and signaling pathway of phytohormones such as jasmonic acid (JA), salicylic acid (SA)
and ethylene (ET) were upregulated, and interestingly, all 44 DEGs in JA pathways were upregulated,
highlighting a central role of JA in S. frugiperda-induced signaling with overlapping and synergistic ef-
fects on other phytohormone pathways. In the biosynthesis of benzoxazinoids, the most important defen-

sive secondary metabolites in maize, nine genes were upregulated. Moreover, almost all (14 of 15)
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DEGs involved in herbivore-induced terpene biosynthesis were upregulated, and more noteworthily, all

eight terpene synthase genes and one CYP gene (CYP92C5) responsible for terpenoid volatile emission

were upregulated. The present data indicated that S. frugiperda induced massive changes in maize tran-

scriptome and complex crosstalk between phytohormone pathways, and triggered the transcriptional re-

programming of defensive secondary metabolism.
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synthase

TR Spodoptera frugiperda B 20194F 1 H
Mz =8 m (e ALaE,2019) , C 4 AE R J5
X 58 UE SR PR M ZER = XU 2 KL
T TR AR b K BN A E AR AR
72X (AL ,2020) . REHL BRI Ry FOKALFI
IKFERY, %5 FAEW 2235 350 F , 4 AR AEHMEY) (Mon-
tezano et al.,2018) . AT A4 L 5T 3 M FPHE A
FORTY WE L K, X [ A R A 7 2 A
JEE R (RS, 2019) o ARFSERWT, SR SR
Spodoptera littoralis . Flt 52 Spodoptera exigua Fl
RS 0 Helicoverpa armigera S H e i H FE AR
LY, B b BT R K s R T AR )3 1 L 5
T EARREPT I A /D X R] BE R B S M
X KA T E Y [ 2 — (De Lange et al., 2020) .

TEAR SRR R b A SR HRA 3 A Ry
FBEHIE T — B2 AP R . WY 6e
ff TR GH R 1) B S SRR R B AR B 45 5 P B, - fik
K— R IVGIRAG 5 A, P R F] R (jasmonic ac-
id,JA) JK# (salicylic acid, SA) 5 Z. 4% (ethylene,
ET)SF YR WG S 15 55 @it 7550
FARSCEE DA ek | fe 2877 A I T Lk A=A
(TR P55, 2018) o X 24 de i AR A vl LA B
BEAS ICRE T H B4 B A 5 50 REAS VR AR &
Bl WK AT, R ORI AR B[] 422 B 4
(Turlings & Erb,2018; Xu & Turlings,2018) ., U]
i (2, 4-dihydroxy-7-methoxy-1, 4-benzoxazin-3-one,
DIMBOA ) 45 75 J{- W i 12 J§i 25 ) Ji7 (benzoxazinoid,
Bx ) o oK H AT A ALY L i Bx1~Bx 14 45
FiE AL A B (Wouters et al.,2016) . 345, F KR
Hu BRI S B O H S B S RO R R E I T
FER W), IXSEiFs S5 R ) BT B A AR A DI RE , TN
5% S Rl LI N R (S5 i K7/ L1 RS UK R o
WG AN AR AR U SR Al MR AL T8 A RS R
PR J5 2y 20 Bl A 52 0 LASIRAE 35 L (Exb et al.
2015;Hu et al.,2019) . [F]f, FR B F 3t 5 RO N
Ry GUE Y AT A Gl e E PN E S

J18 284 1 Cotesia marginiventris(Block et al.,2018) ;
FRMFRIE LY (E)-p- AT I Re e e 5 s I 2k
A E K AR % W Diabrotica virgifera virgifera
(Degenhardt et al.,2009) .,

LK, e sk AER T2 W T 240
H O T3 T BIFGE, LA AE Bt sk A A
WA SR PLE] . R B RNA-seq £ AR 38 7%
AR R U R KT PR e s AT A2 4 AL 4
VYN £ K B8 Ostrinia furnacalis (Wang et al., 2017;
Guo et al., 2019) K% %i i ®F Rhopalosiphum padi
(Song et al., 2017) | & >K %f Rhopalosiphum maidis
(Tzin et al., 2015) . %< J7 %h 1L Mythimna separata(Qi
et al.,2016;Malook et al.,2019) . GIEER (Tzin et al.,
2017) LA B T 3 A i SR 42 68 Holotrichia parallela
(Pan et al.,2020) . Ankala et al.(2003) F] FH .65 3%
ARBFFE T FEH BRI TR ST, o i B AR A
125 F RN H O, RN JA ETiRFEAH G I
PAFRIE . HEH i SR 2 00 9 R b S A
P FORBHEE SO o3 F AL B R 3 b . AR5
TR e Sy 2 I A AR 6 K o e B A M R £
Jofn 36 ) R DR MILART , AT e i R A A A DG
(122 SR INIE DL, 3248 T K B 32 H A0 5 [a] 422 5 1
AHICHTHE A, DU R BB AR B AT S R4 SR g 42
PR, IO FH T e B0 10 e £ B 45 S R

1 R 5T X

1.1 ##

PERHIY) « TR AL FICA A 2. 958 , F T RE 2 4%l
Bh2E B Y AR YT 5% I 2 7RI 5% D1 4t , Fhke
FHET HE R 29/25°C, ASREIRAMF RS,
2dPEK 1R, 16 dJ5 K ZE 4 -

AL R - R SRR R H o B A TR M
fitf £ FOK M, & TR E A (2621) °C | AH X BN
(60£10) % JGJHW K 16 L:8 DAY AN TEs 3486,
e SR AR RS NN E KON G S B EEiid
UK 3 9844 He it



782 i/

% 4k 474

IR AR : Trizol 357, FEBR € /R BHEL (R
VAR oK 1 A5 R NEE, S TR
(K i) A RS 7] s NEB#7530 SCIZEM ) £, 6 [H
New England Biolabs A 7] . RXZ I N T A&4 , T
P VT RIALAR T s Nanodrop 2000 {436 G RE 1T, 9§
AR RARBH A R 7 5 Agilent 2100 44 70 A4,
ZHEOPHE AR AT,

1.2 Fi&
1.2.1 E KT A RNA #9425 0 5

B4 i I ORI TG AR o, R g 13k 3 R
gl kA4 3k T 19: 00 FF IR G — el J U/
P T4 70 emx 5 70 emx & 50 em (A7 A48 L 7R
TN ARFM NI A RS, E R A )RR
kiR BV, IF B AR a] 42 B SR 45 2R, 4 H oy
F 18 h FKAIRF A O AW 8., P A9 150 4
WA 18 he 5§ 18 hJ5 BRI, 5y Bz 3 0t
AT RNA$REL, DIAEE FKE X IR, ApAb 3
WIWEE o o3l B A b B ORI A7
FE, R H Trizol ¥ 42 HU £ K A 5 19 RNA. i H
Nanodrop {73 6GEE T H Agilent 2100 449 73 Hr
AT RNA 5 G, B 1.8<OD g ,/OD 0, <2.0
RNA 5% % J& {6 >7.0 19 & &, & H Illumina Hiseq
2500 V-G HEA TG SR AT , kil B A YRR A R
SEITERL . S TR TEI A S o i, X S bR A
Ao ds, AR A A5 3 & B R A, AT
B JBT St 43 AT, B 5 P, D) S o e
SR HEAT IR O LU 50 BT CROBE A LL X 530 . 225
ZH XA Br L LU XS X3 e 3t ) R A3 Ar (R IR S
T BEASE R MR ) 22 553 7 o
122 £k AH GO 5 £ ks

M http://plants. ensembl. org/Zea mays/Info/Ind-
ex# Ml T 28 oK B73 3£ 2 RefGen_v4(Jiao et al.,
2017) MRS HIENAL S AT 1.2.1 PAFEIR 51
HEFTXF LG, I 2 S ARIA D log, |Ab 35X HE >1
H 451 K& PR (false discovery rate, FDR)<0.05 fif3&
R Sy 22 5 ik 56 . f#TFH Gene Ontology (GO)
BEZF 5 BLAST2 GO(http://www. geneontology. org/)
X B 1Y 2 S F kR A T D R R
1.2.3 3t kARK IR B 6 h 5

VIR LE Y G N AE 557 s e R U
W BH R S h K 4535 2 O E/E A (Rowen &
Kaplan, 2016; Erb & Reymond, 2019) ; Bx J& £ K #
BB HL A AR (Wouters et al.,2016) ;
SRR F B A2 ki SR (ROAR TR AT AR

Y1) FAREL RN B2 (RIZE AT A )3 K26 R
H EE ST R I HE (Dudareva et al., 2013) . KL,
T 122 2 R RA RN I RRE RS R A E
SONTHEPIEER 6 NS5 5 S L &gt d
AR & R AR AR DG PR (1) 22 S R 15 0, O
) FH 23t B2 A= %) OmicShare ~F 15 78 2% 2K 14 (http://

www.omicshare.com/tools ) Z2 | 4 &]
2 ERE45H

2.1 ERREEANLEER GON LN

F TR TR 18 W A E -
A1 645K 22 73K 5K (log,| b /%R |>1 H FDR<
0.05), Hrp FIHERRILFA 13524, im L F F &
KA 2934~ 227 HE N GO 2T ie R A Rk
BT D) A i — 2, 22 S 3R S R s 4R 50 H
BRI R (F IR 726 4>, T AR
FH 1314 A AR (R IAFE R 6854, i
FINFEA 1344) AL (L RERIA R 5301,
FEFE I 100 1) AEWTE T (F KRR IR
2474, FIRFEIAFE N 484 ) AW AR (L REE
IRFER 2254, FIRZFGRSER 414%) s 7 (13
FIRFE 1704, T IR FE P 354 A iz (i
FEHELH 1254, TIHFRBIEF 1449 s G2 53—
Ferh, 2R FINERFEBEEZ 0 AR R
IRFE 5704, FFRIAFE 1224 (AL 4 (1
PFIRHE A 568 1>, T RFRIAFE 121 4>) FE( L
FEIRFEH 4024, FIHFGREEH 904 L 43 (13
FEIRILH 3514, T IHFRIRIEH 78 ) FNAm L #5% ( I
PAFEIREEH 3224, FIAEIAIEH 724 s 0 F Uik
—rh, 2 R RGR R E A H B2 0 ARG PE
(B HFIRIER 7024, FIRZFAEEA 1191 g &
(_EIHFRIRIEP 6061, P IIFRIAFEH 1144),
2.2 EYMHEEMERSESHSEREXERRE

ST RCICE ORI 18 h e, Bk
2240 JA WA RGBT A G EE A 22 S JA R 5
S IR IR (M) 22 0k, HaX 44 SR BN
FIEFEIA(E2) . 21 ETRAH KL K 458
R BRI R A3 gk, HEMERik
PR o FE 1 B IE W 114> SA IR AH G
LA 10 FIHFRIA, 16 775 R (abscisic acid,
ABA) ARMIEIE A 154 FiHEE, 14 E K
RIBAHIEILR A 104 B, 94l o3
RIBEAKILH PG 64~ IR, S M IRE R IR
FHOCHER AT 44 L lFRE (E2) .



448 PRZEAE : RO BT AR5 5 ORI e SR ALY 783

== iR Upregulated gene mm  FifAZEE Downregulated gene

FEEBE Number of genes
(98]
(=]
T

34567 8 9101112131415161718192021{2223 242526272829 3031 3233 3435|3637 383940414243 44454647

1004
il
12
A W53 Biological process LS Cellular component 4+ FIhEE Molecular function
1o AUSHE AR 20 MO AR s 3. AHZUS RS 4. RS 50 AR AR 5 60 RIBOWRINL; 7: RENL; 8: {5 54T 9: 4l
HEAEY A5 10: ZHLBUERE 11 AW R 12: AW BAE I 13 RE R 14 ZARAD)dFE; 15:
PHE 16: SRR 17: MEETE; 18 L RGRET; 19: 44K 20: 4UAESET; 21: 3h; 22 40fd; 23 40445
24 s 25: 414y ; 26 ANMLES ; 27 AUMIRS 4535 28: MISRIX; 29: RATFEGU; 30: A4, 31. JLFifk; 32. il
P 5 33: MIAMXZH G35 34 Mo FEF4E; 35: MIAMEEDT; 36: fiefbimith; 37: 456 38: Fris G 39: IRAS Gk
KIFEPE ;s 40: 20 FIIREIAHE s 41 (F o SEOTETE; 42: 0 FHSEIAEME; 43 BB HAEE; 44: JUEL 15
PE; 45 EIRETENE; 46 85K TGV 47 RO A EEFIE . 1: Metabolic process; 2: cellular process; 3: single-
organism process; 4: biological regulation; 5: regulation of biological process; 6: response to stimulus; 7: localization; 8: sig-
naling; 9: cellular component organization or biogenesis; 10: multi-organism process; 11: negative regulation of biological pro-
cess; 12: positive regulation of biological process; 13: developmental process; 14: multicellular organismal process; 15: repro-
duction; 16: reproductive process; 17: detoxification; 18: immune system process; 19: growth; 20: cell killing; 21: locomo-
tion; 22: cell; 23: cell part; 24: membrane; 25: membrane part; 26: organelle; 27: organelle part; 28: extracellular region;
29: macromolecular complex; 30: cell junction; 31: symplast; 32: membrane-enclosed lumen; 33: extracellular region part;
34: supramolecular fiber; 35: extracellular matrix; 36: catalytic activity; 37: binding; 38: transporter activity; 39: nucleic acid
binding transcription factor activity; 40: molecular function regulator; 41: signal transducer activity; 42: molecular transducer

activity; 43: electron carrier activity; 44: antioxidant activity; 45: nutrient reservoir activity; 46: structural molecule activity;

47 protein binding transcription factor activity.
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Fig. 1 Distribution of DEGs in the maize leaf in response to Spodoptera frugiperda based on GO functional categories

AREXERNRIE

PR R A Bx AW 6 HORH DY 144> 54
[N, Bx3 . Bx4.Bx5 . Bx8 Fll Bx9 [l F ikt K & 1k
AR i Bxl .Bx2 \Bx6 .Bx7 Fl Bx10~Bx143X 91
FE D TE B DT I B S Y B R RIR (B 3) .
24 HEYERYEREXERNRIE

FH IR F ORI 18 h i, 15 AN A%
RN AR OCHE R 22 S 3R08 , i 14 > iRk
KA EES . [EAEEN R, 2R RE A
A 8 ANl 4 A L (terpene synthase, TPS) JE A
Bk BRERIA  TPS B s A6 45 A W) A= 1) 6 iy
KHEIEDR ; 5380, 2 Pl I R R (E)-4, 8- H JE-1,
3, 7-T =4 ((E) -4, 8-dimethyl-1, 3, 7-nonatriene,
DMNT) FI(E,E)-4,8,12-=H 3-1,3,7, 11- =Gk
P ((E,E)-4,8, 12-trimethyltrideca-1, 3, 7, 11-tet-
TMTT) i TPS2 I CYP (CYP92C5 #i
[\ 4 Ak A B, B TPS2 | H # ik A,

raene,
CYP92C6) #t:

CYP92C5 th iR H CYPI2C6 ik i A b
A, R TS T KM R 8 MRS
fiff (lipoxygenase , LOX) J& K 1 |22k, LOX FE[H
Z: 55 R Y) RRFIRR AW A G S35, R DT
AR 0k BB A 75 S WL -3- s I8 £ Bk B S g ((Z2) -3-
hexen-1-ol acetyltransferase ) 3 K I~ 8 F 15 , Hil %
FEW-3- £ R P BERS ((Z) -3-hexenyl acetate ) J2&
B LR R o B SRR ER S T K Frrh
ORI RN SE AR S W) HE W) AH G S R ) 16 7
L R R 3L T PR MR N 2 R 2
24 fi# 1§ (phenylalanine ammonia-lyase, PAL) | A #:
MR -4- ¥4 f# i} (cinnamate-4-hydroxylase , C4H) £l 4- 7
IR A 1% 3221 (4-coumarate-CoA ligase , 4CL) J&
TR E YA WG T 3 CHERE , 22 R A X
A 54 PALFE _EIZRIR, 14> PAL FEIN R R
8,24 C4HFE FRFRIK, 24 4CL N R E
(E3).



784

oY R R

47%:

W

FIP Jasmonic acid

RO Zm00001d047744
IPISEEN Zm00001d048263
Zm00001d033050
IVARE 7m00001d033048
IR Zm00001d048268
KPR 7m00001d027899
IOFSBN 7m00001d014250
LN 7m00001d014253
AR 7 m00001d042541
AN 7m00001d027900

[}

o

JRVAN 7 m00001d042540
SRZB 7/m00001d037643
RN 7/ m00001d033623
RZAN 7.m00001d033049
SRR 7.m00001d044908
Zm00001d003903

«
!I

Zm00001d042980
SRFEEN 7m00001d029955
SRV 7m00001d013493
CWPRN 7/m00001d013185
LWARN 7/m00001d049594
LXCZIN 7 m00001d044906
EWAEN 7 m00001d033624

¢

K% Salicylic acid
IBREEN 7Zm00001d051166
(R{UB 7’ m00001d030304
LYY 7/m00001d003015
Zm00001d028816

()

KB 7.m00001d017279
ERCAN 7 m00001d028815
ERVAN 7 m00001d028400
EX\ZA 7 m00001d017276
PRPIN 7., m00001d028814
XY 7 m00001d051163

— w

AN 7m00001d051161
Z.J% Ethylene
Zm00001d024850
AR 7m00001d024852
Zm00001d028919
(OB 7m00001d024851
RSN 7m00001d002364

92

RXVVRN 7m00001d022530
LWL 7 m00001d002592
EWERN 7 m00001d040697
EW[ 7 m00001d026060
ENEEN 7/ m00001d033862

~
(o))

EYAN 7m00001d049364

w

MR Abscisic acid
IPAYAN Z7m00001d018819
ZRCAN 7m00001d041319
ZRYAN 7 m00001d007876
RIRIIN 7 m00001d028574
Zm00001d013689
RZEN 7 m00001d017762
[P 7’ m00001d048131
IR 7, m00001d003659
(IS 7/ m00001d018178

9%}
(9%}

W
[3e]
W

(% 7 m00001d042779
(WIUN 7’ m00001d011132
(KICAN 7/m00001d028752
[IOEI 7,m00001d013220
[N 7,m00001d038846
MO 7m00001d052018
YAl 7 m00001d005071

K&
CRCMN 7m00001d034461

HF
>

uxin

ZEPAN 7 m00001d043701
YRR 7m00001d034453
SWERN 7 m00001d011687
Zm00001d034713
Zm00001d043350

4.1

w

EX3El 7100001048021 PXTIl 7m00001d009146 EXTIl 7m00001d016277
ERUEN 7000014027901 Zm00001d039077 ERPI 7:100001d006753
EENl 7:100001d005813 PRYI 7000014024843 PRI 7000014048709

AT 7. m00001d020614 PVZEl 7m00001d017366 (M2 7,m00001d014690
EYAN 7 m00001d028744 IRl 7,m00001d052066 pBVAN 7m00001d041418
KN 7 m00001d037182 (IS 7/ m00001d024853 EREEN 7 m00001d006282
Zm00001d025524 RSN 7. m00001d017462 (R ~m00001d006279
I 7m00001d022139 Zm00001d043205 AR 7 m00001d006285

NN NN
(U2 IS I N SN )
(VS

Zm00001d012456 Zm00001d019734 3% % & B Brassinosteroid
Zm00001d011477 Zm00001d043491 ETIl 7:m00001d017612
Zm00001d028313  4ffa4+ B2 Cytokinin Zm00001d046422
Zm00001d031449 FEYAN 7:m00001d039520 Zm00001d028325
Zm00001d039542 Zm00001d001865 Zm00001d019983
Zm00001d032049 Zm00001d042148  #HFEE Gibberellin
Zm00001d029397 Zm00001d043293 Zm00001d043411
TWENN 7000014029594 Zm00001d012335 Zm00001d039394
IBEN 7:m00001d035462 Zm00001d051114 PRV 7100001d038511
BEAN 7000014027893 Zm00001d052209 FPl 7:m00001d037724

ZmOOOOld006860 Bl 700001d023994 YN 7000014033369
Zm00001d011377 Zm00001d003598

B
IREEN 7000014017457 0 5 @8 5 10

B2 B A RENEESEYHAREY SRS ESHSERPERREER
Fig. 2 Spodoptera frugiperda-responsive DEGs involved in phytohormone biosynthesis and signaling
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44 PRZEAE - R ST AR5 5 FOR M e SR ALY 785
I VR AR R A A I/ KR IR R ED A R

Biosynthesis of benzenoid and phenylpropanoid volatiles
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Fig. 3 Spodoptera frugiperda-responsive DEGs involved in the biosynthesis of benzoxazinoid and plant volatiles
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function annotations are accessible online at https://www.maizegdb.org/associated genes; Log,|treatment/control| values are visual-

ized by a color scale.
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YA = B AR R B R 1 — > i A& (Zhou et
al.,2011;Huang et al.,2015),
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124 122 2RI, HoR 2 4002: R 3R R AR I
JRFRIN . HA AR 2ZERFIRENRZ 185441,
H A3 BHFeak , B JA IR AR 76 b 5T 3 B 175
S AT 32 E K BIE SOy h AR AR T SA SR
AR R AR B MRIVE ] o T oA o i e 1%
W H 4y A SIS R, AR 5 2 T
Yraei% 55 EOK Y JA (SA ET Fll ABA 454 Joi 1
ZHR, HZ M MCEEN R (Qi et al., 2016) .
WY K SRR 2 JA (SA Rl ABA 112 2
ANFE I AR IR E0 A L ABA 1) &
i ABJE SA B & S IFAIE AN (Guo et al.,2019)

Bx Ht KAEAC W 2 A T R H/NE S
WEEY T, EFELT, Bx BT IR A T
YRBGELN , SAEA) 52 B Ry I 2 A AR R A
B W, 045 HDMBOA (2-hydroxy-4, 7-dimethoxy-
1,4-benzoxazin-3-one) .DIMBOA . MBOA (6-metho-
xy-benzoxazolin-2-one) , DIM,BOA (2, 4-dihydroxy-
7, 8-dimethoxy-1, 4-benzoxazin-3-one) 1 HDM,BOA
(2-dihydroxy-4,7,8-trimethoxy-1,4-benzoxazin-3-one)
45, o HDMBOA X 15 iy 5 13 25 s 3 H %)y 1l B
ARGRIYFEA AEEAMEI AR AT EEN . F
27 1%k (Glauser et al., 2011) M F KI5 (Guo et
al.,2019) K& 4 J5 % H. (Qi et al., 2016 ; Malook et al.,
2019) LB F KRB T Bx frE £ . SR EoK
Y& Ostrinia nubilalis ¥ LV , AR % J& Spodoptera i
2 Ha X Bx HLA i (038 o7 1 T B30 2 i Jas v,
by B AT IZ ST AU BT BT B TR B L P
i Rk Spodoptera eridania R SE R 1 (Wouters
etal.,2016) . A7 TR Il 4f UL Bx &5 8 AH XS 2B
KA, T b B 7 M A 2 RO Bx 1% 1 T 2 i
-, Bx 1 — L 20 53 BEAE ORI (12 14 R 1l 5 1306 1Y)
B 17 M (Wouters et al.,2016) . {HHLHAFITERHA,
1 B Mk 4 1% ) HUBCE FOK BE A2 411 i) DIMBOA-

glucoside F1 DIM,BOA-glucoside %5 2 43 1) 15 & 7=
A HAA S B 2D TR SOk 4 1 4 A R
(Glauser et al.,2011) . ASHFFE LSRRI, B HL T
R 55 Bx AE WA B g 9 R R RS (H
2 RO 7R R Bx 41 o G 2 AT Rr itk — 20
WFSEERIIE

oA R R F S SRR R LY,
XA S W AR S | R A A B AR SO DA
KW 13 | R A1) (B 42 B 0 sz g v 4 A 45 D) RE o
QNP KIS KIS RO R s I
KM% Macrocentrus cingulum W | i3 4 HA i 3%
W25 /EH (Guo et al.,2019) ; 3 537tk 4y 1 ok 35 oK
U B0 5 A ) Wk 35 W | A AR e 2 I 8 e
(D’ Alessandro et al.,2009) . (E)-o-75HH 145 1 (E) -
B35 Je i v 9 5 B TPS10 48 16 AR 1, 8 235
TPS10 5 HARE T 58 A R R BE S 1 5 | % 1 S
1 (Schnee et al.,2006) . A5 H B 57 A I U
TR RIES T 43 MR A A B D A 22
SR, P RZHOEN IR, i85 391, 4 191
RIS BE AR R A= W6 BUAH DG TR 22 R 3R K
F04E PAL . C4H FI 4CL S5 RBEFLIN 5 73 4h , B 5T
WA ST T -3- O B £ Tk A% Tl B DR iy b 9] 3R
KB EMEN-3- £ FR M BEER AR . E-3- 2T
I P R FOR SR R W) F 22 43, e VR A
/LA N TR (=R Rl T N ) 154 AN R B
FERR BB TE S )% (Hu et al.,2019) . RAE & Y 7EH
Yy B R R SO 1 5 B8 o B R Rk
(D’ Auria et al., 2007) . 2846 & W) 1 F 5 4%
RYhiZm—35, B RTEM B U R R R
PR, 475 U i 4 SR AU 45 T AN RIS % 2R
YIBTR R TPSZRIHED N CYPIEDA 2 Mt s &
YA A RN, b S R 3 8 > TPS
SN CYP92Cs By 22 5 3R3k , HA BRIk,
H1 TPS23(Zm00001d024234 ) i 7= K (E)-p-A 47
I (Kollner et al., 2008) , TPS10(Zm00001d024486)
TS F= 40K (E)-o- A A1 (E) -B-125 Je 445 (Schnee
et al., 2006) , TPS2 (Zm00001d015053) A1 CYP92C5
(Zm00001d018839) I [r b1 it i 7] 224 DMNT
(Richter et al.,2016) . A WFFE R, 53570k G
S FNAR A4 B A B I I X 88 AU B, Rk
TR S 3 WA 1 P AT, B FOKR BT s S i 4
KT/ (de Lange et al.,2020) , #E A G ALY
PR WIAE 25 S R L PR ) Bl 25/ T S5 U
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BIES E R R WA SR 5 (DA et — 2
AT -

A5 A S R B8 T T oK [0 et B
TR T W af 22 S Fe R S A, AT HUSE R 42 B 42
BT 2%, 550 AEMAEIIb R A g s Bk —
S UPRAR, GnaR U FOR ARG AR A e R (E) -
BTN 6 BRI F A S 4 5 75 7 859
W2 MR IK (E) -4 11 & 5L D Y 28
SRR R RS I 5| B 229 I 28 L (Degenhardt et al.
2009) . KRAFREFRMEEME, L E KRB E
55 (A 7 b B 7% 3% 14 IR (Szezepaniec et al., 2013) .
PRI, A J5 10 AR ATk — 2042 4 B AR A B 9 U 1 4T
HOREP T4 S E e P, 3R 2 B B A
s E IR,
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