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Effect of transgenic cryl1C rice on the development of the yellow
mealworm (Coleoptera: Tenebrionidae)
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Abstract [Objectives] The effects of transgenic crylC rice (T1C-19) on the development of the yellow mealworm were
assessed to provide useful information for the commercial cultivation of Bt rice. [Methods] Larvae of the yellow mealworm
were randomly assigned to be fed with 100% T1C-19, 100% MH63, 62% T1C-19, 62% MH63 rice grain, or a normal diet,
until they pupated and their body weight, survival rate, larval stage duration, pupation rate and eclosion rate were measured
and analyzed. [Results] The body weights of the 62% T1C-19, 62% MH63 rice grain group and the normal diet group
were almost significantly higher than those of 100% T1C-19 rice and 100% MH63 rice group, and there were no
statistically significant differences between the T1C-19 group and MH63 group. Moreover, there were no significant
differences in survival rate, duration of larval stage, pupation rate and eclosion rate among the above five different
treatments. [Conclusion] Transgenic crylC rice has no obvious adverse effects on the development of the yellow mealworm
and can therefore be used as a feed for this species.
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i 63 HERPRKBEmRMAE BRI EE=N
AZRESEBLUR HERKBEELRLIEEA
BB ZUSE (Lu, 2010 ; Jia , 2012 ) fE{@%tE
B 1E ¥ 72 78 b 16 7% B #D 4 U8 T ™ A% RY IR R
ZETFMRE HP—NEESEHRZITNEI
JESAREYMEIE ( Yuetal , 2011 ; Lietal. ,
2014 ) BT, X T Bt EEKEX IEEIRED

EMEEEFEMBESREPHERAHE

hunTkE, &5, H#E ( Akhtaretal. , 2010 ;

Mannakkara et al. , 2013 ; Luetal. , 2014 ); EH
RE Mk, B (Tianetal. , 2010 ; X| L E
% 2011 ; Wang etal. , 2012 ); £ ERINE %

(XIRE , 2013 ); IFRBRUWRE ( Yaoetal. ,
2008 ) ; AR T3 A - 3EBAEYI( Wu et al. ,2004 ;

, 2008 ) &, KE@EBENKBEFE
HEFN-—IMEERT |, EALAX Bt BRHE
EEPITNNRE, EHR  XEEZR ,
HEE  ERERKINILEABIHXEGED
H RETOHEMER EHTHETHEMER

Liu et al.

B OABABURER, REENEARER  BEEFT

A MEeEERLTREZNERFR , KNG

FRENAIFEREEARZE( BFREYANKE
3, 2011 )

RABUEH RYRARRNR B R
EERARMARTEESENE cylc ERREK
M (T1C-19 ) REFEAXNE (MH63 ) /A, B
HABTEAMNEE (1) EN—HeEsEh,
BEpRUEIHA Bt EAMKEET BLEAYF ,
B4 Bt BRREANEIFEITOBERNEK
EBFEFM? (2) % Bt ERABAREEENF
#, ATERAFE? BIUWHE , BBITTH
HERENNIFERERGREKRERE | M
R Bt ERKBEHOHS M ARERICHKE,

1 M#RERF*®
11 ik

BERRMBILLRTEERE TS , £#ER
0CEREFENE , RERRR , ~IBLIR
BHR , FEHNHBRARSEY (ARESRL
x1) @5 14d FA 14 BRSHBER LB,

F1 FHILBARRECHFER
Table 1 The feed composition of each testing group

GRS Y4 of:
RS (%) I 5 62% T1C-19 62% MH63 100% T1C-19  100% MH63
Feed composition (%) Control
wa - 62 62 100 100
Rice grain
=4 - ) ) ) )
Wheat bran
X 25 175 175 _ _

Corn
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21 45 18
Soybean meal
S A
T’ﬁ Il:b*hl' 05 0.5

Premix compound

18 - -

0.5 - -

A:44EFE A >800000IUKg; £EED = 240000 1U/Kg ; #4EFEE = 2000 1U/Kg ; #4%%F K = 50 mg/kg ; %%
% B, = 200 mg/kg ;44 3% B, = 800 mg/kg ;44 %E B = 350 mg/kg (44X By, = 1molkg SZEE4S = 2 000 mg/kg ;
JRE = 3500 mg/kg ; HE = 75mg/kg ; £¥IE = 26 mg/kgo"—": T

A: Vitamin A = 800 000 1U/kg; Vitamin D = 240 000 1U/Kkg;

Vitamin E = 2 000 IU/kg; Vitamin K= 50 mg/kg; Vitamin B;

2 200 mg/kg; Vitamin B, = 800 mg/kg; Vitamin Bs = 350 mg/kg; Vitamin By, = 1 mg/kg; Calcium pantothenate = 2 000

mg/kg; Niacin nicotinamide = 3500 mg/kg; Folicacid = 75 mg/kg; Biotin = 26 mg/kg. “—” means none.

1.2 HiRKEEAE

# crylC ERFURKH ( TIC-19 ) REFA
MR (MH63 ) TR B4 R KE M E R
Rt METHERLBZEBHRFRZBRE
# BRBHEERNEYLRLEERGBTRENE
B AEKPTEATARY, EkBEEBREH
S KBEH A THRRE RN EDNE, WK
RIRERA , #TERRY RN EARRE, @8
RIAET , ¥ T1C-19 F MH63 BWA 7 B B H
120 BME , 4CR7F , ATAUERAS CrylC
EHEEREAEFRAD . BANENERR S
BRI EFIRWFRANE,

1.3 #KERGEENE

TR EZIM T1C-19 M MH63 FefMH | BY
DR RNAEE RS R MR EL XS (L IR R R RE
o, HRAV\B_(LEHR | SMCEE 40

hE(EMNMEBAINEE BNEE 10kHHR),
HOBXEFFEFHE JBE25C JEERN70% ,

9% h FIAES, SERH , ITERTE, REFET
1.4 Rt

R 1 Wi 5 MEE-—— EHRIEFEF
FHA( HERA )\ EA T1C-19 1ARHA( 62% T1C-19
) B4 MH63 1ERIA (62% MHB3 4 ), &

T1C-19 4R ( 100% T1C-194H ) M#E A MH63 4

( 100% MH63 4 ), FEAMARESAEK 1. B
MLER 4ANEE , BIEE 20 RYR, FE
PROYBEHFERFEARNH S0 mmBROA
FAIREBERERNER , BE (27H) C , =X
X EE 60% ~ 80%, iXMKHIE , FRIERT
ERANEFEEER , B3dBR—RK , B od
—RFE., SHAFHRCEHERRN , NEF
MpREEABA—NEFRMP |, FiERT1L
watiE, LEIABAPER. A, £ 1A
BEEAM(3d)N, BARELERRESR
T - 20CHRE URNMEFRBIEZFES CrylC
EHMNERER.

R 2 . F1i% 100% T1C-19 1 100% MH63
FIRA , RANEE , BINEE 16 RHpHR, &
HERWMEREAY 2 AR 2N PRENEE SR
he | BTRRAAE , BRAE T1C-10 /AM
$hRIFAR MH63 A, MERFAR MH63 HAH
Mg RIAR TIC-19 R, HAERXXEARE , &
ANBEEFE 2 RPR HEFF-20CHR?E,
BUNESR&F CrylC EAEE,

1.5 CrylC ZBSERNAE

FANREFEARMA 500 pl BEUR , HE |
13000 r/min , A 5min , 3RBLE®R , JFLF
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BIEHLAIRE  MARTEZRHTUE, XE
NWEAERESETR 240, HE , HEE LR
B LERCrylC REREHWEEXH Bt-CrylC
ERiAFE ( EnviroLogix 28] , XE )£ ,
A 44 CrylC 5% , iREZ I 0, 0.6, 25H
6 o/l , ®IEFRERSZ . BEARRESRSRIAT
EHBHHIT , MEHEESABRM (BioTeK ,
Powerwave XS2 ) #2HY , R EK KR 450 nm , A&
FiRREEE , REREHZITESERP CrylC
BERARE,
1.6 HIEALE

REHIBEFER SPSS13.0 BHEHTLITH
o, BRBENEE, FER, HRHE, L\
L, PUEUREHLF CrylC EHEENER
S E MR A # X %K ( One-way ANOVA )Duncan’s
FERR , EREEMKFEIRNR 0.05,

2 HBREHGH
2.1 fANP CrylC EHRENENEFR S
ZRM KEEE 100% T1C-19 WA CrylC
EANFHYEERN (1.06 £0.13) /g , 62%
T1C-19 A9 # CrylC EHEEJ9( 0.58 +£0.09 )
wlg , SR 0.66 Lg/g TR , M BAUK
MH63 H AR ME CrylC EH. 100%
T1C-19 A 100% MH63 WA A B IEERNEF

B ZRNER EER -, BELE 2,
2.2 HOkFEFRBEENE

£ T1C-19 KBEFEEH F1RIR 4 d W ={LIE
PRIETERNR 97.2% , RIEFTERRA 77.8% , &
PARMNVHBR RN EIRER — —{LIEEHR
REFVRBESE TRATT—SHERRLYRE
2,
23 MEHBYHEEHNRR

ERHHERNRFREAREERENEK
MEERERLK 3, ARIAL , EHRLH R
B 9~36 d 5, NBAESHESMNEEY
B&= T 62% T1C-19 A5 62% MH63 A ,{B 3 4
BERYFEE (P>005) ; BX3HERH
B RNAEE/LFEHEZEST 100% T1C-19 AR
100% MH63 4H (P < 0.05) , {8 100% T1C-19
43 # 100% MH63 48 , BREE 9 X 100% T1C-19
HPHEEEES T 100% MH63 hI( 7.08 £0.49 )
mg vs ( 6.24 £0.89 ) mg , P <0.05] , Efturtig
REERBREEZ (P>0.05) I\, 5 HIE
EREEEMER,

24 MEHABYBEFER, LHNPHOER

ARBEZARERRYRNEER, HRA
B, L\HRMPLRBROK 4 Fim. BE

&2 TIC-19 1 MH6E3 F8A CrylC EHAERENEFA Y
Table 2 CrylC protein content and basic nutrition composition in T1C-19 and MH63 rice grain

A7) CrylC 28 HEH HERERS LiEag B 55

Group Cry1C content (pg/g)  Crude protein (%) Crude fat (%) Crude fibre (%) Crude ash (%)  Calcium (%o)
100% T1C-19 1.06 +0.13 10.20 3.20 4.50 3.60 4.30
100% MH63 0 9.60 3.30 4.30 3.20 4.10

*3 ¥ oylC EEFEAMNERMBEFENEM (mg)
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Table 3 Effect of transgenic crylC rice grain on the weight of yellow mealworm (mg)
k]| BIoX %18 X #2271 X %3 X WE
Group 9" day 18" day 27" day 36" day Pupal weight
%1 B8 Control 7.68 +0.48° 15.03 +0.48% 36.71 +1.41° 81.12 +1.23° 141,96 £26.85
62% T1C-19 7.26 £0.35° 14.57 +0.94® 35.76 +2.05° 77.78 £2.72° 150.73 £23.98
62% MH63 7.14 +£0.84° 14.44 £0.77* 34.34 +2.26° 74.69 +2.29° 140.85 £26.16
100% T1C-19 7.08 +£0.49° 13.11 +1.78™ 29.31 +2.00° 67.25 +4.67° 150.90 +28.29
100% MH63 6.24 +0.89" 12.38 +1.36° 27.38 +1.44° 65.16 +4.57° 139.97 £25.12

BIBEEHETRNEFERTEREE (P<0.05) TXRE,
Values followed by different small letters indicate statistically different (P < 0.05). The same below.

F4 FoylC ERRAMEMREER., YHHH, HEMILHEZIT
Table 4 Effects of transgenic crylC rice grain on the survival, pupation and eclosion of yellow mealworm

4 3 E 36 RTFEE (%) WHRFH (d) LIEE (%) PR (%)
Group Survival rate on the 36" day Duration of larval stage Pupation rate Eclosion rate
Xt8& Control 98.75 +2.50 79.5443.89 86.25 +7.50 86.25 +7.50
62% T1C-19 96.25 +2.50 83.68+1.58 78.75 £8.54 78.75 +8.54
62% MH63 98.75 +2.50 83.3541.23 80.00 +7.07 80.00 +7.07
100% T1C-19 94.93 +4.08 85.23+1.77 70.00 %=7.07 70.00 %£7.07
100% MH63 93.75 x4.79 86.2442.41 77.50 +8.66 77.50 +8.66

T1C-19 M MH63 AW EW R RFFREE
93%A L  SARERFTEE (P<0.05) ki,
BENBRANNERRYRBETNRA LiF
EMPERESTHMA B5ARZERETE
Z(P<005)
25 —MARERAA T1C-19 @K CrylC &
HREEWL

—MABABABAF CrylC EEHRMEE
RANE 1 PR, 8 1 X&Y , 100% T1C-19 F 62%
TIC-19 AR H CrylC EAEE S 31 79( 0.69 +
0.11) po/g # (052 +0.04 ) wol/g , ZBIARE 0
X (NFHERS , Dy) CrylC EHEEMN
65.09%3]1 89.66% ; ltf5 2d , CrylC EHE £

ST 53X 3157 Do #Y 38.68%F 60.03%.
26 HE¥MHELARHEA CrylC EASENTHK
P

RRERE EWRYREAB CrylC BEH
BEAR S5, W&k 5 R, ARLER TIC-19
A24~-72 h#iE |, $hRER CrylC EEEZEH
e, HAE\E TIC-19 BAML R | &
WA MHE3 ARG 4 H4ER CrylC EHRE
SEREK , 2h HYHBRENERNTE CrylC
EHQ, MEAE MH6e3 BANY SR |, ERBRE
TIC-19 AWM 24 h 7 , HRENEI TR N
H CrylC ZEH (0.09 +£0.09) /g, LEEH
EEZEH EFH,
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1407 100% T1C-19
1.20 A W 62% TIC-19
% ) 1.00 A
= 2
~ = 080 A
Ix =
¢ 2
I 2 0.60 A
9
U 040 A
E\ o
“ 020 -
0.00 T
H0K (D) 1R (D) §2K (D) §3R (D))
B [a] Time (d)
1 —MAREARAN T1C-19 @kt CrylC ERRET
Fig.1 CrylC content in T1C-19 feed during an experimental period
*x5 ZXNAREEMHYHERA CrylCEARE
Table 5 CrylC content in larvae fed on exchanged rice
CrylCEHEE
quﬁéh-l)-'me Cryl1C content in larvae ( pg/g )
T1C-19 T1C-19—MH63 MH63 MH63—T1C-19
24 0.14 +0.08? 0.13 +0.11% 0 0.09 +0.09?
48 0.22 +0.21° 0.02 +0.02° 0 0.18 +0.18"
72 0.31 +0.14° 0 0 0.28 +0.18°

3 e EaEp M 1k ,Eﬁﬁ%%iﬁ#fz‘l%ﬂ‘#iﬂﬁi%‘?ﬂ%"ﬂﬁﬁ :
BEBRERNENENET BZHANNEY

WEMARA , BY ELASA ZWERBE  5E4 87N EH Carsterns et al. 2011 ; Romeis
ERENAAREATIRAANTERETE  eral , 2011 ) KRB TIC-19 KEHEH =1
MBtER , EANMENNERERDTHR, EHERTREOREEYE , #H T1C-19 KEE
R TRAEYEE MRZEDTEBENE S EHEH CylC NBREREERENEY
# AREXNFERERNEVESTEER F4, @At ARABHRAN TIC-19 BAEH
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EANR MHE3 EEMEFH D LER—B (&
2), XEBMREREN TR,

Bl , KEBFRERKHE Bt KFHNIFLIR
EYHETESNE BtENEALASIMRSEBLE
ANEYMRET Bt EAF. BABHIELHRE
B ¥ crylAb/1Ac BEEKBEH F 12, 24 | 36, 48
hfg , EEARRMEEPERUE T FEEER
BtEH ( K&HE , 2008 ) B KAERIERLE
SME1RE, KA CrylAbZEASER 3 /g
Eh, MELEWMR IRE CrylAb EAEELEH
E5 /g £A( FKTE 2011 ) Wang F 2012)
A& Cry2A BB KBREMARENESR ,26d
EAUMEN P BIEAESENN 2.27 ug/g.
RHBHPLZL MH63 17 IR H E A RIRK T1C-19 17
e HANBIERESERH LA WM& T1C-19
BAARMNERRRERK MHE3 BRE , HE&ER
Bt EAEEZHMEK , X9 CrylC EAFEHE
R R R FHIRIEFE R,

CrylC ZHET Bt ZEEAM—H , ZEAX
BWMBEEREFRIFHNN BWE( Avisar et al. ,
2009 ; Zheng et al. , 2011 ), RARRIRE , BE
AR A TAE 1L B B S A AT SR SH AL | BA 5 g/kg
HEFEBAKRE KREIEFRKW( Caoetal.,
2010 ) HX Bt AN CHEERE MWL
ER ,5EXRAML SERERRENFEAN
ZHEANNERENTEER, “NES TTE (&
38,2009 ), KEAHEEEK (EF , 2007 ;
RXICIE L2009 ), MIEEIR O ERMFUARE,
AE. BE, EXREYARZINAENAEXIG
( EFZ |, 2006 , 2008 ; £F , 2007 ; EKI£
%, 2009 ; X8R, 2009 )y NIREBATEL
RELUHNER , BEREPRBELIMES CrylC
EHNEAKET Bt EQH , BHAE, 77

R YRFE, CERANPLERS MHE3 AL
ERHYTEE , X¥ CrylC BEARNELIRER
EEREFNAY , MNEEFRER—BHR
(BPE ) NEKRBERAEFEHENTRE
M, BtHh , 2% BARANER RN REKEERE
REXNRAEA—F , X Bt GBRATATEY
REFIE,

BIWARLERKRSA % crylC ERBEAX
BN HRHYBANERKRBREAENAERE K
M, BHAXN Crylc ERTHE , AMER LR
ERE (MEX )NEYPRATZREFRRRE (L
and Romeis , 2010 ; Li et al. , 2011 ), 1tb4k , E
TEHRRETHZAR MRBRZRE. AFRES.
tRERE  TEEER Crylll XKEANERE
RER W Crylll XEREYX EIRE R
ERNE,
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