B35 & HSH
2016 4F 9 H

PNICAN S S
SOYBEAN SCIENCE

Vol. 35 No. 5
Sep. 2016

RKEMBMHEEREX QILEEEAMNEHARHR
3

2, ER

(R RN R RIAFTE BT/ [ R S RO VR A% S5 i A7 [ 2 T S 28, V0 9 &0 210095)

RGO E AR, (EH R B2 B B T R R . RS UAG T 10 AR R G A T
ARTFE AR AR BT QTL 5 A It 57 AR (7 5 R S s A bR A i IG5 A S 2 45 TN 70 SR AR S PR M e K
5 R PR OSSP P A S0 TS T IR T RS T s B B R R

SRSREAA): R 5 I s T U 5 S D 0 255 5 QTL
HE 525 :5565. 1 ERFRIRAD : A

DOI:;10. 11861/j. issn. 1000-9841. 2016. 05. 0863

Development of Soybean Leaf-feeding Insect Resistance QTLs and Gene Network
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Abstract: Soybean is an important grain and oil crop, however, its yield and quality are seriously reduced due to insect dam-

age. In this paper, we mentioned the genetic research progress in soybean resistance to insect in last decade. It entailed re-

sistance QTLs mapping, elite alleles and their carriers mining, the best crosses predicting, the characterization of resistance

genes and gene network caused by the interaction between soybean and leaf-feeding insect. We also discussed the chance and

challenge for soybean resistance to leaf-feeding insect.
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Table 1 The QTLs related to soybean resistance to leaf-feeding insect
TL A BEARRAD AR BESARICE bRic2ssl ik PR . . _ .
wk . S , P iSRS
QTL  Population Line Marker Marker  Analysis Evaluation
Population Insect pest Evaluation method Evaluation index ~ Reference
number  type  number  number type method period
Cobb
PI”;2;58 30 Fy 103 18 RFIP M BKHES VA WEfodflE IEEBkEA% (9]
Cobb x
o1 171451 3 Fys 110 85 RFLP M FRAEGR V4 W2 B— R TR R R [10]
Cobb x .
bl 227687 2 Fs 93 120 RFLP M FOKTHIE V2 RER—RFE R HEBURK E R [10]
Cobb x
3 Fps 103 128 RFLP  GIM  Fkfis V4 FENAEYEEE LG [11]
PI 229358
Cobb x
1 Fao3 110 85 RFLP  GIM  Joffdis V4 EWNEY R YmE [11]
PI 171451
Cobb x
2 Fas 93 120 RFLP GLM  FORFHIE V4 ENEY LT 4 [11]
P1 227687
Tk W HE AFR
Minsoy x Noir 1 7 RIL 240 500  SSR, RFLP IM N / H N ) [30]
S 4 - TS
AR KB R
Noir 1 x Archer 3 RIL 233 490  SSR, RFLP M oK / FENEY LT Mi @ Kk [31]
ARG 2
‘\ﬁ “’ 2N %
Minsoy x Noir 1 8 RIL 240 490  SSR, RFLP M FOR TR / ENEYEE Zm% el [31]
Gl yeRnTE
Cobb LN AEE )
o S En o 100 1S RFPSSR OM TRME Vi s D PORIRE )
PI 229358 hRE
Benning (7 EP Sl RER— DR RS ERBKE R,
enning (7) X | RSL(BCGF, ) 31 ; SR CLM ji‘f V2 R %ﬁj}:ﬂ:(i P B 43 2 [15]
PI 229358 KEERFR ENEYFLE YmE
Benning (6 ok IR UK B
enning (6) x 3 NIL(BGF,) 8 o SR . jﬁ Lt v T2 %W%E(ﬂ: B A 5 (1]
PI 229358 PR ENEYFEE hRE
Fukuyutaka )
2 F, 143 147 SSR CIM TR i Vi4 ENEYR S iR FREST [19]
x Himeshirazu
Fukuyutak I TR 26 4
dkugutska e " - O B V4 iR P i AR 2 [20]
x Himeshirazu 0~10%%
Fukuyutaka . . . . .
o 2 Fo,Fio 145 203 SSR CIM LRI Vi-4 BRI HEREMHEEE [20]
x Himeshirazu
fhi 82 - 178 x Hirid
3 RIL 139 103 SSR BB V6 BN ST &) [22]
S 3 Sp7 -
282 -178 x 2 RIL 133 59 SSR CIM R g V6 Ny % S [23]
e !
B 5 x . X -
3 RIL 201 323 SSR CIM Rl V6 FENEYERE 4R E IHE [24]
M 1138 -2
Bl 18 x SSR, RFLP, 4h R A M
13 RIL 184 692 MCIM  £l80%  R2~R3  HWEYRssE 25
Wifk 1138 -2 SV, EST R BN Bk E % 5




866 NS 534
&Rl
TL A BRI RRE PSR ICEL ARic e pi i PSS
s T S T S P P Wi 2%
) QTL  Population  Line Marker Marker  Analysis Evaluation )
Population Insect pest Evaluation method Evaluation index ~ Reference
number  type  number  number type method period
et 2 5 x UL TN TGN
3 RIL 147 400 SSR MCIM Al R2~R3  mANAEWRER 25
-2 -2 RHEB ENEYFEE Bk [25]
G 2y
SRS HELS 7 AARHE 196 135 SSR GLM  FERk g EER/ES v :f_ii i R [27]
=N
YT W R
LR NEE Vil E1ElN
BERB R EAME R
SR 51 PRI 170 1433 SNP MIM  Bla ik Vo6 BENEY) Y E 28
H SRR HAARE RHECB% E NP E S B O 2 [28]
b O T
SRS HIIS 69  HKRHA 526 233 SSR GIM Rk  R2~R3  HAEYFEE LI [29]

2 KXENMHERMEESINEERIE

JUEA R R G QTL & o7 RS 240 &
B2 A R G HT HURE R R v R A 41, 2 il
R DR ST AR G ik DR S S 3l 3ot (] 90 e g 1) 7 125 3
15, FEORIE TR F R & 5 @, Hik2 ik
AARIIY G S AR AR
2.1 XABEHEREEENKERHRBEXER

AHR Je HAT A AR A 5 43 5 X 45 Fh 34
ENF, 2 5HYKE SR RKHRR NI 12
- & - %) — 4518 (12-oxophyto-dienoic acid, 12-OP-
DA) WA 38 AR A= P a8, — R A SR AT IR
I PR3- ) s B R 1 A ) R L AEL ) B EE R AL
ity B SR AR 1 2 A 1 R A 2R 26, TEAR Y
XL 2 B B AR T 2R HT R e AE Y AR N 1Y
XA Y2z S RE S T T AT A A G i A
HOCHERY OC T . TN R S AW & i (allene oxide
synthase , AOS) 2R FIR & MR 1 2 — A KB il
J& PASO BRI, K FEFIZH FA 3 ARt — 0
AW AN, KE mAoSs FEH 4 K
1789 bp, A W& ¥, 4if 519 Az Fhfiz, A it
T2 fAE SLAR 5 K, I8 3l X AT 220 Wi 1 o
R (TAACAA) AR (G-box) B (Whox ) FIEE
Wi ( GAAAAA) %5 55X 4 FH oG R 27 %0
TERGAR 2K 2RI B 2R3k, 7R BUb B
AR 2K B e T e R R PR o O R SR
GmAOS T E AT AL rb 1 S P 29 Sy e S8Rk v
4 i BERE GmAOS FEH By R FLARAS T A XA
BT, LA SR TR X6 AR S0 7 M 17 I BIR P 1 5
548 T PR 75 1) AR SCARE e 41y HRRE Xof 15 4K AR B AR 5 e i A
JRFLI i 2 AR D, i e B S R RO

TS5 A% EEETEINEE i A B AR AR N
AOS it it % AL W 18 ( peroxidase , POD ) 11 B £ H i
78] ( chymotrypsin inhibitor, CT) B 7% P4 7 , 5
FIER SR VSRR o i R R SRR R IR
BLLA GmAOS1 [ R R AR R B T, T
FPUR R Rk B T B R, R 31 IX
16 184 AR AEAE 43 4~ SNP/Indel ,27 /4543 3t
PRI % 728 S, A 32 e PR SGEBR J3 AFriE BH R 52 GmAOST ik
G sl 128105 3 ADBEEIR & G, PP
G 22 S d RIS B DY, R 7KF- 28 Sk 31 1 25K
-, S ARHECRE A BE thak B KO X s
WL R B R SN e ) & Wi R R 7 R 5L
XSRS e () PR v 4 B L T I R
GmAOS3 it BA VI RERTIE BHGE o

N 4% A AL ¥ 31 fk i (allene oxide cyclase,
AOC) 32 3 FT IR A W3 728 v i DG HE Il , 7 T 79 —
WA AR5 FE K SR 6 AN SE Y
Horr GmAOC3 F PR3 i 37 R 207 6 1) B 175 5 o
L XTHRMILL , 5% GmAOC3 PR 4 2 T R AR ok
IR W) BT & & S e N — I EAL Ll ( pu-
trescine N-methyltransferase, PMT ) 3[R F1 &5 [ [ 1)
il 750 5 AL ) e 3k LA S R TN 2 R fifk 2 T ( phenylala-
nine ammonia lyase, PAL) 75 PE, 890 T ¥ &K 49
FE e 20 o 1 5 i 3k 2 A A A ARG K P
RO AT BE R GmAOC3 B[R A 5 HE SR Rt
HEVEREBR I JER

MYC2 % [1J2—2 HLH-Leu $%48 %% 5 [F 1, fiE
P LA RIS RS SR iy 3T
TEREHA 22 4> MYC K5 s K 5,7 DAL s
MYC2 e s PR, HA B SR 16 1%, B GmMY(C3
A HE 6 DIEPITER 25 i BRI Bz v aRas TR



534 +

AR R PUE IR JUNISE QTL S EEH M 4% 867

RERF T PR RL, 2 FH RURE TS, Hrh om-
MYC1 JERITE R F v (1) 26 38 5 i fmn , W) 07 4 80 3¢ 1k
K% S Aol , HA% GmMYC1 FERR 53845 TR & /Y
HEIRPERIBLAEAE S B SEHBR & KL N GmVSPB
Al GmN: IFR 38 3ok 70 00 B b 5 98 2R IE B T Hobt
AR
2.2 REARBEENXERBMBEXER
5259 i (terpenoids B isoprenoids ) f& — K&
T RIR UL W) 7, P T RO SRR 7 rp
€ B ) B s (trans-ocimene ) 155 45 5 BV ) o
(linalool monoterpenes) Ol R PR E e E R A
SLAE bR A R MW b 4 G W [ (B, E) -o-far-
nesene | 5 I G AN, SZAUAAR A5 1) DR T2 AR AR 00 A8 Tk
HH R Y BRI 2 W) JoE (40 D5 AR, linalool ) A% 2 1
(IR , a-humulene ) 25142 K G dAg 23 A-if
KEMH (GmTPS) , 3 A 1E 20 ZR g ik 1, f
6 FhAN [ (1435 1% 45 14 TP 91 78 S 25 A0, 240 GmTPS
BEHHARAR TS DDX2D K7, A 2 MK
7% (TPSa il TPSh) & 11 AT RRX8W 4543
HAiiE & WL K GmTPS3 FE W Fr AL b e 5 3R
K, P AU 0555, 3R35 GmTPS3 kP (1) 40
AR XS AR SR )T 1 5, 2 ) T A I
B SR IE T K E 6mTPS3 N2 1 A~ HA
PRI B AR B BN
2.3 HEFRRKAREHXEHBAEFRNINESEE
TECHRIE Y R SN PR BT HUAH SCE P rp, 5 A4S ik
PAL ) I A2 300 o 7 A5 A ) A s v S 5 R B
HEAERE FRIERE AR IETR D KRR
RIS PR i K S U R 7 R W e D g Y
FENR ., FE R BRI & R, IF5E % 227
KRG SR NSRRI ae, B, 7 &%
SEMSIHY T B bar 3K IR O T 0 4R 4K pBA0O2-
GmAOC3 , 8 i HUJE AT 18 A1 1 7~ i B AL 3145
RN GmAOC3 FEH B R T,  BE bR 2R AT 5L
UFRpT R M . R B D R TR R AR A REAT ALY
PEH GmAOC3 B KRR G4t & Fieb i R 1A
X E R R IR T R Y T R O B A A A

3 RESEMEERXZENEREIEEMNE

VoS PUPE TR A W) 52 3 L e 3 Bl IR R
M T 7 A4 14 1O 9852 7, 5 2 BT PR A G, i S B ik
AT, Z 5P 00 P HUA 1552 206 F A 30
ik, IERIRE T RBACHR IR E AP AE. 5
PRI B ) 977 A0 157 PR XU , 7 1 4R 57
st A7 K XA I A B T DL

B B ol 053 A A7 s e AR O i, A
AR — R R B LW ERE 1. fEREdT R
Mo AR Z Bt 3 AR o] DL 3 R AR AR —
ARG FEE = Ak, B, 887 5 5
V5 AR S Rk 2 B 22 3 Rk — 25 A B it
0T AR R 2 R SR bR R AR
P T LB A R A DR AR R B L R
NSRS YIR AR R K ¢ SN = XA 4 € (E S
PR L XA 15 S T B A A ok SRR, R O
FI 0 L B P Rt e e | Rl 2
— R EEA KT EE

FER TG, TCIE I R RL A & Bt A L 22
ORI 5 S T A B M, © 5 AR AR I AR
SUPRC I HEDR PR3 5, 538 25T PR 9 RS0 ik
g HURFIRG: AR R T AR AR R SR
gl L0 R R R R R R R S A T
HORNEAFAEZE ] IR b ) 32 2035 5 S5 P = AR e
PR, 1 d IRENT0 5,3 d JFFFUR TR 7E5 ~7 d i
R SRR BT BB RN B R B R R T, AR
5 dik®pig,7 d RStk . WREENA
FARTE BT I 11 ARG AR RSO RS
R &R T OUAE AL FE 22 R/ 75 4 R 2R 1 Tt A%
W1 ,5- W R FR b/ N AUl R0 3 B R IV A7 2R
A BEER H MR  ATP A5/ g 3 SE MR
S RN R A A L S- IR B R B LT
IR IR A AL T 208 B FABEHA o 3L, ¥ K 3 A4
AP AR, RIS MRS I B LB ARE S AR
RO TR 1 g A I B K A2 A
AQUE: a7 AT B ST S )i AT (ST NI R /| N Y S
VEFEDR i — DR AR .

B s 1 4 AR g i F 2 T R 55 &k
& d 2 HAEFITFSY ., Wang 2570 23 50 1) F 9 ]
O HORF RNA-Seq $0R, 3845 1 U7 AL 1S Y
KGR b 25 5 R . X HG S i o3 Bt
KB, PR 827 AN A LRk B S
249 LR L FRIA, 100 LR R R ik, Hp
80 MNEERAEHUB S R SRR R EE 73 AT
] —3, 7 AL DT AR R Rk AR
Pl R E . 25 5 AR HE Y0 K B 1 P 36 0 2
WA AR E RS RE GRS
AR S 45 S R W2 il B . BT B L TR
[11) 25 S K i PR o | 19 % i 5 DR 2 997 7060 Ftp 360 A 56 £
FEDR s FEHC S A R, 149 4 1 3 26 8 35 DY R e
PEAHIE A 5 7RI R P 12% 1) R 22 5 3Rk 5t
DR 2 75 A Bl 3 R S B L TR, 139% #0920k 3 IR S
Z 5 A AR RS B B Y[R R 4T RNA-Seq



868 AR S 544

B TEBT JEME 3 B %8 T 1004 A1 1 580 4>
PSR St 1 e s SR Ok P VAN E - 5|
b AL 22 Fh G i A S IR T R (R0 = A4
Bl I3 K ( GmVSPa . GmVSPB 1 GmN : IFR) 1] )5 5
FIH b B w0 B A A8 A OC B = A T
1 5L BRI 12 AN R 4G MYB 2k
WRKY 2 NAC 2 bZIP 251 DREB 25, #HEH %14
I GmVSPB 1 GmN: IFR JEH 33K ,2 N sk [+
(GmbZIP110 F1 GmWRKY39) fig 53X 3 A~ i i it
P FIK L AT UL, R S e A SL R
THAEMZER .

RN REAE SO iy NI N b 7oA R e
I THLBE JET5 05 5 W 2% DL K Kk K 53 S
RN EAHEMAE.

4 XKEmHEMREIREPESRE

St R H L AR S 1, RE TR
PERFSEAT DU & B, i i 1 — R EHTPE BT IR,
SENL T RER QTL, se BBk 1 24> K EHT R A
KIEH  HSBECR YA L, R 5T B R T 58 ik
AR B B 5 o

5, REPTH QTL A4S A& 37 v BEAIF S 12
JRGNG . BRREPTHRPEA S ES kiOh, 2 RGP R
QTL & A il I BEAL AR 1C 2 QTL ) FH i ik % [
HEMBRG N R Z —. BEPLARICK A £ N AT
DX, E ALY QTL 5 F il T s P A 32 AN A7 A —
bk, I, AL BB I A AR R BE RS . BEE K
R 1Y EST Jy 41 (9 BRI Z A48 ) 32 DR 2000 ) 1) 6
W, IE A T HE T EST sl I B 3 (N ARIC, 5 BEPLAR
TCAH L, PR AR IC -5 01 B R 0 2 TR o 2 i A, AN
i A S B Ok AL B
B S S AR B AL TR A B2AL, KA B
FREYUR QTL TE N FIPL A K TEFE

HO, R F M QTL BB Ie AR WA R, K
YT HCAAL ] A 45 DU A PR PE R A A, B
PERPTEPE SRR NPTtk , EAUE T Y™ A 7
A E Y B FE B3 B BE ST, TR R A
et RSB R M A K T R 00 T O RE T T
i RO T U T BT RO A AME RN, REAS 252 HE
SRR A 22 B R A T R R B D . SR
LA B (AT SRR, S8 A o T U R B &2 5F
(R, $ e AR ARL AR b A R O R, ] LAY
A 25 W Bl I YR, IR o R B 1 75
I fERESREF MRS, F MR T Syt
DR EL AP B[R] 3 RO 2 A0 M) T T A 4 3
oA R AS TR A R R TR PR T T T —

BeAy g5 A S, e 1 — e T M DR S B IR A E Ao
T 23 AR EMFEMARCH AL

T35, B AR R R BT IR AE B R AR BT 5T AR A A
o R R AR IR, AAEA K AR K
IR i HAEE T R 2R A R BRI
WA RSN, B A Oy A B — AR B AE RS
FR9 73, B K B A R W U i SR A R R Y
EHY 90% LA 1P B AR K My SRR
BB E I P AR B B, BP AR R R A %
URE S P 91 5 AR, B Ao /b, G e
AR — 2R BT 5 81 A D5 i B A 7
JUA R T B A K T R i 1 s
T Z RN LA, Ak B A R T v 507 i A 11 72 S
e T ORELHLTT A 51% 118 25 37 5 PR 7 R Sl
Jr bR R ER TR AT, Lt 2 AL LA T
PeE B A= R R I S ) b A A8 S AT R PR A
ASERE S R A B KRS DT SRR IE A i
RN (RS R EE (/R N g 2N L ke
VAT FE A B BRRAH HE2E R AR R

REIEN BT AL I 10 AFHUG T 5 RAR
(% Ji% , ZH A SE R T 221 b R BRI A R R [
ST T OO gt T o R S A 1 7
JIE A P S SIS 4 SRk A B T & 4 AR
EHESONGN 18/ I -SSP NIEELE YIS (3 TPNITR AL
(e 2 i P W b M (B 7/ AR L P <R
AT RATIL K 5 4t B R SR A — A 2

brEs.
S Uk

[1] Oerke E C. Crop losses to pests[ J]. Journal of Agricultural Sci-
ence, 2006, 144 .3143.

[2] van Duyn J W, Turnipseed S G, Maxwell J D. Resistance in soy-
bean to the Mexican bean beetle[ J]. Crop Science, 1971, 11:
572-573.

[3] Boethel D J. Assessment of soybean germplasm for multiple insect
resistance[ M]//Clement S L, Quisenbury S S. Global plant ge-
netic resources for insect-resistant crops. Boca Raton, FL: CRC
Press, 1999 101-129.

[4] Lambert L, Tyler J. Appraisal of insect-resistant soybeans Eco-
nomic[ M]//Webster ] A, Webster B R. Environmental, and so-
cial benefits of insect resistance in field crops. Lanham, M D.
Thomas Say Publications, Entomological Society of America,
1999 131-148.

[5] Christou P, Capell T, Kohli A, et al. Recent developments and fu-
ture prospects in insect pest control in transgenic crops[ J]. Trends
in Plant Science, 2006, 11(6) : 302-308.

[6] Walker D R, Boerma H R, All J N, et al. Combining crylAc with
QTL alleles from PI 229358 to improve soybean resistance to lepi-
dopteran pests[ J]. Molecular Breeding, 2002, 9:43-51.



534

EOEAE KPR E RN QTL 55 R 2%

869

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Walker D R, Narvel ] M, Boerma H R, et al. A QTL that en-
hances and broadens Bt insect resistance in soybean|[ J]. Theoreti-
cal and Applied Genetics, 2004, 109:1051-1057.

OIS, VFHTE, BRate, . W Br Rl SBTi B IR 4 K
PURMERIBIFE )], £ TR, 2000, 16 (5) :603-608.

(Wei ] W, Xu X P, Chen J P, et al. Research on improving rice
resistance to the pest by Bt and SBTi genes[ J]. Chinese Journal of
Biotechnology, 2000, 16(5) :603-608. )

Rector B G, All J N, Parrott W A, et al. Identification of molecu-
lar markers linked to quantitative trait loci for soybean resistance to
corn earworm[ J]. Theoretical and Applied Genetics, 1998, 96
786-790.

Rector B G, All I N, Parrott W A, et al. Quantitative trait loci for
antixenosis resistance to corn earworm in soybean[ J].
ence, 1999, 39. 531-538.

Rector B G, All ] N, Parrott W A, et al. Quantitative trait loci for

Crop Sci-

antibiosis resistance to corn earworm in soybean[ J].
ence, 2000, 40,:233-238.
Narvel ] M, Walker D R, Rector B G, et al. A retrospective DNA

Crop Sci-

marker assessment of the development of insect resistant soybean
[J]. Crop Science, 2001, 41:1931-1939.

Ortega M A, All J N, Boerma H R, et al. Pyramids of QTLs en-
hance host-plant resistance and Bt mediated resistance to leaf che-
wing insects in soybean[ J]. Theoretical and Applied Genetics,
2016, 129:703-715.

Zhu S, Walker D R, Boerma H R, et al. Effects of defoliating in-
sect resistance QTLs and a crylAc transgene in soybean near-iso-
genic lines[ J]. Theoretical and Applied Genetics, 2008, 116
455-463.

Zhu S, Walker D R, Boerma H R, et al. Fine mapping of a major
insect resistance QTL in soybean and its interaction with minor re-
sistance QTLs[J]. Crop Science, 2006, 46:1094-1099.

Parrott W, Walker D, Zhu S, et al. Genomics of insect-soybean
interactions[ M ]//Stacey G. Genetics and genomics of soybean.
New York: Springer Science + Business Media, LLC, 2008
269-291.

Zhu S, Saski C A, Boerma H R, et al. Construction of a BAC li-
brary for a defoliating insect-resistant soybean and identification of
candidate clones using a novel approach[ J]. Plant Molecular Biol-
ogy Reporter, 2009, 27.229-235.

Komatsu K, Okuda S, Takahashi M, et al. Antibiotic effect of in-
sect-resistant soybean on common cutworm ( Spodoptera litura) and
its inheritance[ J]. Breeding Science, 2004, 54 27-32.

Komatsu K, Okuda S, Takahashi M, et al. QTL mapping of antibi-
osis to common cutworm ( Spodoptera litura Fabricius) in soybean
[J]. Crop Science, 2005, 45.:2044-2048.

Oki N, Komatsu K, Sayama T,et al. Genetic analysis of antixeno-
sis resistance to the common cutworm and its relationship with pu-
bescence characteristics in soybean[ J]. Breeding Science, 2012,
61: 608-617.

REROMR, BRI, WA, &5 REIRR TR IR B LS Bt
Pery %], KEREE, 1997, 16(2) :93-102. (Cui Z L, Gai
JY,JiDF, etal. Evaluation of soybean germplasm for resistance
to leaf-feeding insects [ J ] . Soybean Science, 1997, 16 (2):93-
102.)

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

FE, WEER, RITIE, 5. RN REOROTA: HRE  AY
TEFFC(SSR) MIFFE[J]. KRERF:, 2004, 23(2) : 91-95.
(Wang H, Yu D J, Wu Q J, et al. Characterization of resistance
genes to cotton cutworm with SSR markers in soybean[ J].
bean Science, 2004, 23(2) :9195.)

Xte, BE, A0, . R RIEOR BTN 3845 0 Sl
K QTL gL T]. LR, 2005, 38(7) : 1369-1372.
(Liu H, Wang H, Li Q, et al. Inheritance analysis and mapping

Soy-

QTLs related to cotton worm resistance in soybeans|[ J]. Scientia
Agricultura Sinica, 2005, 38(7) : 1369-1372. )

P =, £33, RIAW, 5. MAEA A RBERE KT
i1 QTL[J]. i#{%, 2007, 29(9): 1139-1143. (Fu S X, Wang
H, WuJJ, et al. Mapping insect resistance QTLs of soybean with
RIL population[ J]. Hereditas, 2007, 29(9) : 1139-1143. )

Kim H, Xing G N, Wang Y F, et al. Constitution of resistance to
common cutworm in terms of antibiosis and antixenosis in soybean
RIL populations[ J]. Euphytica, 2014, 196.:137-154.
Thornsberry J] M, Goodman M M, Doebley J, et al. Dwarf8 poly-
morphisms associate with variation in flowering time[ J]. Nature
Genetics, 2001, 28:286-289.

R, RRAN, W, S ORI BT A TR X R
BRI T]. M4, 2011, 46(5): 514-524. (Wang
H, Gao Z ], Zhang D, et al. Identification of genes with soybean
resistance to common cutworm by association analysis[ J]. Chinese
Bulletin of Botany, 2011, 46(5) :514-524. )

Wang H, Yan H L, Du H P, et al. Mapping quantitative trait loci
associated with soybean resistance to common cutworm and soybean
compensatory growth after defoliation using SNP marker-based ge-
nome wide association analysis[ J]. Molecular Breeding, 2015,
35.168.

Kim H, Xing G N, He ] B,et al. An environmental differential
association analysis of antibiosis to common cutworm in a Chinese
soybean germplasm population and optimization of the cross design
[J]. Molecular Breeding, 2015, 35.76.

Terry L I, Chase K, Jarvik T, et al. Soybean quantitative trait loci
for resistance to insects[ J]. Crop Science, 2000, 40 375-382.
Terry L I, Chase K, Orf J, et al. Insect resistance in recombinant
inbred soybean lines derived from non-resistant parents[ J]. Ento-
mologia Experimentalis and Applicata, 1999, 91 .465-476.

Wang H, Gao Z J, Liu H L, et al. Variation in GmAOS1 promoter
is associated with soybean defense against insect attack[ J]. Eu-
phytica, 2014, 196 :365-374.

R, SR, WEEE . kT A 4 I
(GmAOS) B HJR 3 TR ve ke 54347 [ T]. 1E~#4R, 2011, 37
(2):216-223. (WulJJ, WuQ, YuD Y. Cloning and character-
ization of GmAOS gene and its promoter in soybean ( Glycine max )
[J]. Acta Agronomica Sinica, 2011, 37(2); 216-223.)

Wu JJ, Wu Q, Wu Q J,et al. Constitutive overexpression of AOS-
like gene from soybean enhanced tolerance to insect attack in trans-
genic tobacco[ J]. Biotechnology Letters, 2008, 30:1693-1698.
Wu Q, Wu J, Sun H, et al. Sequence and expression divergence
of the AOC gene family in soybean: Insights into functional diversi-
ty for stress responses|[ J |. Biotechnology Letters, 2011, 33:1351-

1359.
Wu Q, Wang H, Wu J J,et al. Soybean GmAOC3 promotes plant



870

K T R

5 1

[37]

[38]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

resistance to the common cutworm by increasing the expression of
genes involved in resistance and volatile substance emission in
transgenic tobaccos [ J ] . Journal of Plant Biology, 2015, 58.
242-251.

Lorenzo O, Chico J] M, Sanchez-Serrano J J, et al. JASMONATE-
INSENSITIVE] encodes a MYC transcription factor essential to dis-
criminate between different jasmonate-regulated defense responses
in Arabidopsis[ J]. Plant Cell, 2004, 16:1938-1950.

Wang H, Ding C W, Du H P, et al. Identification of soybean
MYC2-like transcription factors and overexpression of GmMYC1
could stimulate defense mechanism against common cutworm in
transgenic tobacco [ J ] . Biotechnology Letters, 2014, 36;
1881-1892.

Wang Y L, Wang H, Ma Y J,et al. Identification of soybean her-
bivory-regulated genes and a transgenic investigation of their poten-
tial in insect resistance[ J]. Plant Cell, Tissue and Organ Cul-
ture, 2015, 123 321-340.

Liu S H. Volatiles from the foliage of soybean, Glycine max, and
lima bean, Phaseolus lunatus: Their behavioral effects on the in-
sects Trichoplusia ni and Epilachna varivestis[ J]. Journal of Agri-
cultural and Food Chemistry, 1989, 37:496-501.

Michereff M F F, Laumann R A, Borges M, et al. Volatiles medi-
ating a plant-herbivore-natural enemy interaction in resistant and
susceptible soybean cultivars[ J]. Journal of Chemical Ecology,
2011, 37:273-285.

Winter T R, Rostas M. Nitrogen deficiency affects bottom-up cas-
cade without disrupting indirect plant defense [ J]. Journal of
Chemical Ecology, 2010, 36:642-651.

Liu J Y, Huang F, Wang X, et al. Genome-wide analysis of ter-
pene synthases in soybean: Functional characterization of GmTPS3
[J]. Gene, 2014, 544.83-92

TR, T, MR, 2. GmAOC3 ReRHAL RN 7 K
e RE MBS [T]. RE R, 2015, 34.588-596.
(Ning AL, DuHP, YuDY, et al Construction of transforma-
tion vector of GmAOC3 gene and preliminary study on the transfor-
mation of soybean[ J]. Soybean Science, 2015, 34 . 588-596. )
TEH . GmAOC3 Fl GmMYC5 HAL R E M D]. 7
I MR A K2, 2014, (Ning A L. The preliminary research
on transferring GmAOC3 and GmMYC5 into soybean[ D]. Nan-
jing: Nanjing Agricultural University, 2014. )

Chiang H S, Norris D M, Ciepiela A, et al. Inducible versus con-
stitutive P1 227687 soybean resistance to Mexican bean beetle , Ep-
ilachna varivestis [ J | . Journal of Chemical Ecology, 1987, 13
(4) :741-749.

Hildebrand D F, Rodriguez J] G, Brown G C,et al. Peroxidative
responses of leaves in two soybean genotypes injured by two spotted
spider mites (Acari; Tetranychidae)[J]. Journal of Economic En-
tomology, 1986, 79(6) :1459-1465.

Lin H, Kogan M, Fischer D. Induced resistance in soybean to the
Mexican bean beetle ( Coleoptera: Coccinellidae) ; Comparisons of
inducing factors[ J]. Environmental Entomology, 1990, 19 (6) .

1852-1857.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Stotz H U, Koch T, Biedermann A, et al. Evidence for regulation
of resistance in Arabidopsis to Egyptian cotton worm by salicylic
and jasmonic acid signaling pathways[J]. Planta, 2002, 214 .
648-652.

Fan R, Wang H, Wang Y L, et al. Proteomic analysis of soybean
defense response induced by cotton worm ( Prodenia litura, Fab-
ricius) feeding[ J]. Proteome Science, 2012, 10.16.

Wang Y, Wang H, Fan R, et al. Transcriptome analysis of soy-
bean lines reveals transcript diversity and genes involved in the re-
sponse to common cutworm ( Spodoptera litura Fabricius) feeding
[J]. Plant, Cell & Environment, 2014, 37.:2086-2101.

Wang Y, Wang H, Ma Y, et al. Identification of transcriptional
regulatory nodes in soybean defense networks using transient co-
transactivation assays [ J ] . Frontiers in Plant Science, 2015,
6:915.

Varshney R K, Graner A, Sorrells M E. Genomics-assisted breed-
ing for crop improvement[ J]. Trends in Plant Science, 2005, 10
(12): 621-630.

Schmutz J, Cannon S B, Schlueter J, et al. Genome sequence of
the palaeopolyploid soybean[ J]. Nature, 2010, 463 :178-183.
PREEW], AT, R, 5. MY R Es 1] B
H2EHR, 2005, 48(2) : 262-272. (Chen J M, Yu X P, Chen J
A, et al. Plant tolerance against insect pests and its mechanisms
[J]. Acta Entomologica Sinica, 2005, 48(2) : 262-272. )
. P E R REHITEERLT]. AR R,
2008, 30(4): 394400. (Dong Y S. Advances of research on
wild soybean in China[ J]. Journal of Jilin Agricultural University,
2008, 30(4) : 394400. )

Zhou Z K, Jiang Y, Wang Z, et al. Resequencing 302 wild and
cultivated accessions identifies genes related to domestication and
improvement in soybean[ J]. Nature Biotechnology, 2015, 33.
408-414.

Wen Z X, Ding Y L, Zhao T J,et al. Genetic diversity and pecu-
liarity of annual wild soybean ( G. soja Sieb. et Zucc. ) from vari-
ous eco-regions in China[ J].
2009, 119 371-381.

Wang X Y, Chen HF, Sha A H,et al. Laboratory testing and mo-

Theoretical and Applied Genetics,

lecular analysis of the resistance of wild and cultivated soybeans to
cotton bollworm, Helicoverpa armigera ( Hiibner) [ J].

nal, 2015, 3:19-28.

Crop Jou-

Kim M Y, Lee S, Van K, et al. Whole-genome sequencing and
intensive analysis of the undomesticated soybean ( Glycine soja
Sieb. and Zuce. ) genome[ J]. Proceedings of the National Acad-
emy of Sciences of the United States of America, 2010, 107:
22032-22037.

Li Y H, Zhou G, Ma J, et al. De novo assembly of soybean wild
relatives for pan-genome analysis of diversity and agronomic traits
[J]. Nature Biotechnology, 2014, 32:1045-1052.

Song Q J, Jenkins J, Jia G F et al. Construction of high resolution
genetic linkage maps to improve the soybean genome sequence as-

sembly Glymal.01[J]. BMC Genomics, 2016, 17:33.



