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Effects of Bacillus thuringiensis rice with single and fused transgenes on the soil

mite community
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Abstract: With the rapid development of genetic modification technology, more and more transgenic crop lines have been
successfully bred and widely applied in fields, but the environmental risks on the non-target organisms have been the cause
of increasing concern worldwide. In this study, the effects of different transgenic Bacillus thuringiensis ( Bt) rice ( KMD
producing single CrylAb protein as well as HH1 expressing fused CrylAb/Ac proteins) and their respective parental lines
( non-transgenic rice; XSD and MH63) on the abundance dynamics and diversity of soil mites were investigated under field
conditions. The results showed that transgenic Bt rice had no negative effect on the composition of soil mites. Only some
specifically rare groups (<1% ) and common groups ( =1% and <10% ) of soil mites disappeared or appeared in paddy
field soil due to the planting of transgenic Bt rice. Besides, the percentage of the common group of Epilohmannia belonging
to Epilohmanniidae in the paddy field soil of transgenic Bt rice with single CrylAb (KMD) increased by 525% compared to
the paddy field soil of its parental line ( XSD). The abundance dynamics showed no significant differences, and the

measured indexes of Shannon diversity (H') , Pielou evenness (J), and Margalef’s richness (SR) of soil mites between
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the paddy fields of transgenic Bt rice (KMD and HH1) and their respective parental lines ( XSD and MH63) throughout the
growth season ( P>0.05). However, compared with the planting of transgenic Bt rice with a single CrylAb transgene, the
planting of transgenic Bt rice with fused CrylAb/Ac transgenes resulted in significant increase in the abundance and genus
richness of the soil mites ( P<0.05). It is presumed that the planting of transgenic Bt rice with fused CrylAb/Ac transgenes
in contrast to single CrylAb transgene is advantageous for the occurrence and diversity conservation of non-target organisms

(including soil mites) .
Key Words: transgenic Bt rice; soil mite; abundance dynamics; community diversity; soil environmental safety

SRS ER A 2 AR 24 1 P 3 R v 1 Y R A R IR R, A TR R OB kL i AR R TR R E
e TR E S pia st ERNEHE AT, CrylAb 4l R A% Bt ( Bacillus thuringiensis ) 7K
i SRR B CrylAb/Ac Bl SRS B KRG A0 1 57 S B B OB BUgCR 2 DA RO AR T4 25
FE - HIRE AR T 2009 4F 1 2014 4R 565 BT UGE R T X5 B 5t SUKRE “ 429 1 57 19 A P14 4k
EOT BRI, AT FE DR 1 8 o 28 A A 25 KRG I RT3 A7 A e R A B, i P F BHLA T 3R 115 53 A
FURF R A E,

BARR IR, 7 B VEYXS 355755 sl LA K K A= A 9 25 1 5 i) -5 = 5 56 DRLVE W A LL 38 O I 3%
e EEE B AR RIS, FLAMIFIE R A 7=t mT RSB e AR AR I | A6 R B R R A 2 O Xk
-8 S X - BRSO AR A s S A AN, R SE R L Be KRS X SE AR A 0 A S WA AT AR
REFI | H o5 R RS 2 R, IR [ SE R R Br KRS RS e e bR AR M i 25
VM 2 CHE S (B HFTA G 5 T B AR A R, JUHXT I A S PN I TAE M ™ EA R .

- S R A g R PR I R I — 2N - Y B s, A S ) A B R e O B 4
R RE RN FE, SRR SRS 2 TR A W SR R A R 2 R X 1 4
SR AL S R 152 0 DRI R R P S (B S S R S UB R R Az — P B
AT L R B EE Br /K FE AP AR XS - SR IE S BEYE S2 W X BE Br KR FPAE AN L3RI 20 2 BG83 L, SRIMTA &
% B Bt HUKFD R 2 2 MBS PP v R DL GE . W25 B PPN AS [F) 56 R B A Be oK AP % - 1 4
FRA= P RS20, I i 56 DRVE B 10 A 28 XU TPA , AR 58 36 B Cry14b 865 D B % Be KRS S SR A N
CrylAb/ CrylAc Gl FER LSS Br AKFE < 469K 157 AL, B 55 N [ 3% R AL 5% Br 7KCRe P b o A FE I S0 AR
A=) SR B B A BT AR AR SR RS2, DA — 2D BRI 5% B KRS IR B e

1 #MREFE

1.1 (AR A

I AR LR AR T L e UM R AR DR e B UM AR A S A ) 22 R AR T el HE [ 65 ] 208
5T FEH” (Innovation Research Platforms for Climate Change, Biodiversity and Pest Management, EJJ CCBPM;
hitp ://www.ccbpm.org; 37.64°N, 116.8°E) %M XK 16.5 m, J& T B R4 200 08 2= XU e, 4R 24
12.9C 4R F K 500—800 mm ; + SRR SERED 1 4 FFE)Z (0—20 em) 9 1 pH (H ORI, #
I 5:1) 8 8.5, HIEA PR (FIRAMAE IR E AL- A ) A (LRI ) I A (T i) |
S (PR LL (3 ) A ACE (KHEEEETHE ) &R0 6.6 ¢/kg 0.4 ¢/kg 7.9 g/kg . 14.4 mg/kg Fil 96
mg/kg, I HTZHL X BRI AL | FOKRFVINE S B HAEY) R AT HAE, IO B KR AP R IC 2K,
H YT 21 100 km NARLTEH: Br AKAEFRIRE , N TTRE S 1 %% Be AEWIANIR B L RO B S ARG, A1 i
FRBRANTE A 27 A% HOR) S A 442 IR A e T A8 B
1.2 fEte B KA

BB %S B KA N 2 A% Cryl A FERTHUKAS i &R, B Cry1Ab SEFVEERIAYEE Be K Fed« SOl fe”
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CrylAb/Ac Rl HEDI %S Br KRG A0 1 57 (B BIRIRE R ), KL R R BROE A T K 117 F - BIR 637
IR RSN CrylAb FEP 3 ARG 5K 11 J5 3 F 0% B b iUSE KRS, AR i T K24 )51
FEIHRAL ARV 15 LLBRYK 63 S22z (bR i i SEPRAR A a8 AR 5 A0 5 00 H IR IR Cry1Ab/Ac e N2 1A
YRS BT A0 %E Be e UK FS  REfh AR R R R AR R Be 4 it . DA WIRPEE Be TSR RS A FEAR 5
g ZARIE Chilo suppressalis RGN MR Cnaphalocrocis medinalis 2 H 3% di >3
1.3 5t

RIGALE CrylAb 4L FNFERI BRI Br KRG FEIERE” 1 CrylAb/Ac Bl&SEIRBUS: Br KRG 160K 1 5 R How
FURTBECEA F5oK 117 A Bk 637, 3 4 A/KFE S A, BASKFE A E 4 /X, /N X 5 mx20 m, /hXZ
[ E 5 m PR ESA KA b Fh Z (B SR HRE AL IX 2 g0 i it (B 1) o KA T 2011 4E 5 A 15 H BAE# R, 11
H 15 BYGR, #ERhETHAE A 375 kg AL 225 kg BEALFT 150 kg H#FALHENCAL , K FHI2E— R, I TR R Y
SN2 R 3 058 EUIE (150 kg/hm?) (AT (90 kg/hm?®) FIARAE (60 kg/hm?®) & — ¥ ; b, 36 5 6] B5 3 &
N T BRI —K . AKRERERG—H R H T — R EREE B 6 H 4y .8 A1 10 A1 3
UCRFE , RFERT, 100 mL 28 J]E/NX BEHLEURE 5 3R TTKAE £, B —A~ B 348 P B bric a5 iy 1] S2 5 &
Gy AT B S

B 1 CrylAb ZiFnEFEM CrylAb/Ac AR FE R Br ABEREMBEAKBIRRIEEE
Fig.1 Field layout and deployment diagram of transgenic B rice with single CrylAb and fused CrylAb/Ac transgenes and their respectively
parental lines

KMD : 74757 , Kemingdao ; XSD : 75 7K & , Xiushuidao ; HH1 ; #84K 1 5+, Huahui 1; MH63 : BA¥X 63, Minghui 63

1.4 LHEERR S YE

B B L RE MR AR, 100 mL AR UERR J] 8 B— 2K 7] (B 100 mL) - FER o B = ik
(B Tullgren 32 ) #E4T L SFEREZR A4 7385, ARA5 14 - S8 0l FH B AT MR B2 O 759 10545 14 11 6 SRL /MR (7877 : 50 mL)
WY AR ARIE T SO P S R R I ) S Y — e BRS04 BB, R SR A
PRBCEE A AR 25 36 (Y 4 o 3 BRI 1 A3 R R A 45 S RE ) BIMARB S B 10% L B
TRAETE MBS S 19%—10% A WERE, IMAKY S 19 U S HA 2580
1.5 RHEREEREE R IT R

WA LA 15388 7 1 4% i 1 25 B L8 i | 32 ) Shannon Z2FEPEE ST Margalef 3 & 25 EUA Pielou
B S BEFRBORIFFE ™ Cry 1 Ab ZEFNFERI BTN Cryl1Ab/Ac Gl SR RUFE Br K RS RO X - 8005 S 7 22 BEE 11
S
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(1) Shannon ZHEEFEEL(H') .
H=- 2 P.InP,

K, Pi g IR A | R (B MBS BB 3 L5 S Ry S I v T A I ) TR
(2) Margalef & J& (SR) :
SR =(S-1)/InN
Horbr S 8 SCIRLE N o RS IR 0 SR
(3) Pielou ¥ () -
J = H/InS
AL H,S M XA L

1.6 Zito#n

F SPSS 16.0 GEit /AT BRI ST br . R BT 07 227047 ( One-way ANOVA) L4 2011 45
6.8 F1 10 A1y 3 IR R 11408 %08 5% Br 7K S BECE AR H 3R 25 09 A 43 LU ZH WL 22 5, DA R Jm]— Ik A
A WURE JIT 70 15 25 5 174 - 3R M 850 AN %2 1Y Shannon Z2FEPEFEEL(H') Margalef 35 & (SR) Fl Pielou $412] J&
() ZER 225 A, R FH B F 51 42 I 4 7 224307 ( One-way Repeated-Measures ANOVAs) UL BH#fHE Br 7K F8 I
HXFRESEA Z [B] (KMD vs. XSD 8% HH1 vs. MH63) , A S AS[R] FERI BYSE Br /KRG 2 8] (KMD vs. HH1) 7E 2011 4F
6.8 A1 10 H Oy Fg M +3Emk 2 Bum sh 25, LN RE B Shannon ZFEPEFEEL(H') Margalef &£ & B (SR) #1 Pielou
Yo () R R PRI B A 22 5 oAb IHIA) 22 5 10 MR ) LSD A ( 22 57 B3 2 P<0.05 5 22 5 KB 1
% :0.05<P<0.10) . BRI, X2 0B BAE A TR RO A5 6 A 43 LU BOR HEA T S E 5% O R B Ak, LAY &
RS AR

2 HREH

2.1 AFEIFEH AL Br K FEFRL RS HH A e 28 80 5 E 4 HL A ) S )

2011 4F 6 H 4y .8 HAn Al 10 A if 2 3 O AP B R RS (BN Cry1Ab ALK BUFN CrylAb/Ac TG A
AU Br /KRG B HOGE BECE AR 34T T 3 ERE | DL R 3R oy i S 5 R B 4 H 27 Bl
Wi (R 1) o CrylAb/Ac filvE SER RV B AR FE A IE I T e GG 0 RL R Rl 2 Jorpr | Cry1Ab &R I R AU %
Bt 7K FE Ry Hoot BESE AR H 388 rh 43 SR IR T 17 BHFD 18 BHAY 1388053 | Cry1Ab/ Ac Tilvey BRI REE By /KRG M
X RECE AT B4 80 21 BERL 17 RS

Xk LR o Fe AT R B (36 1) | 6] —5 Be K R R X AN ] ) - S5 S 52 0 A [] | AS [i] 5k PR )
Bt FKAEFAE T [R]— - i S s it AN ), HLFE Be KRS AR FH rp— 2 7 ) Eb 3 A IR A 2R (<1%) F1
B OLEHE (AT 1%F0 10%) RSB, 5% BEGEAFT 1 AR L, Cry1Ab SEFIJE IR B /KA I L3
A 3 ASBHRR AT ZERE BRI R B0 TR RN 25 6 Rk ) A 3 ANRE A H WS TE (A5 F AL o5 sk P AR AN
GRERE) AR, RIS SCA 1 ASBHRRAT ZERF G V) A1 6 AR H DL TE Sk T IR ( Bt Y s ) AR
B FRRE (A R B 6 e N 4 B 3 TR ) B IR (B I ) ) JEE D i Rk R R R AT L TR ) I 5 ot
Hh, Cryl1Ab/ Ac Rt RIS B KR I 3 b o3 A 1 SRR A 280 (B TP RE (R P e ) ) A 3 B
R LS (L F R} | R PR R (22 S P ol R e B PR il S ) RO R ) 2 RIS S 6 SRR A 25
(L2 HIRL deliRl R AR B R R R ) A1 SRR LR (R (B R ) )
M, i, CrylAb SiFIFERI BRI CrylAb/Ac RlA SE IR B /K RS PP AR 34 1] 5 350 4 A R — 40 06 ) o 288
BT 2 | AR 6 Sk BRIt oL B 0 o 1 R R A B, X BECEARAH LE , Cry 1 AD Sl RN SE R B %% By K i
PN T B2 R 2 B R A A HE S i (+525%; P<0.05; % 1) 10 CrylAb/Ac @ilA 3L AUEE B
KRB X e FE - S35 A o B 4L 3B ( P>0.055 K1)
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S5 AR B B K RIS - eI R v 52 )

F1 CrylAb HEEFEZIF CrylAb/Ac B EEE EE B KTEFEH T IBHRAB LB (>10%) EREB (N T 1% 10%) BB LB (<1%)

AR (%)

Table 1 Composition and structure of the dominant ( >10%) , common ( =1% and <10%) and rare (<1%) groups of soil mites genus in the

paddyfields of transgenic Bt rice with single CrylAb and fused CrylAb/Ac transgenes ( %)

Cry1Ab 4l FIHE R 1Y
Single CrylAb transgene

Cry1Ab/Ac filv BE R Y

Fused CrylAb/Ac transgenes

o ¥ Br KFR ¥ Br KFR
(?rder I‘J;mily (Jinus (LR (X ;ﬁfﬁﬁ (R 15) (X ;;?;2;
Transgenic ) Transgenic i
Bt vice Parental line Bt rice Parental line
(KMD) (XSD) (HHI) (MH63)
g H 4% H 5] Hypochthoniidae 4 W8 Hypochthonius 7.0£3.3 4.4%1.5 10.0+4.2 0.6£0.6
Oribatida A AL Carabodidae L H R Carabodes — 1.3+1.3 — —
75 B R Hermanniidae 5 H 558 Hermannia — 0.9+0.9 — —
Pt HHEBL Ceratozetes RBH IR Ceratozetes 8.4+1.3 7.422.2 9.0+4.4 10.1£3.1
BT EEE Ocesobates 3.6+2.2 — — —
H & H AL Euphthiracaridae 48 Rhysotritia — 0.9+0.9 — 1.0£1.0
% H A} Epilohmanniidae B W8 Epilohmannia 7.5+1.1a  1.2+0.8b 0.8+0.8 —
A I ERL Xylobatidae APRFE R Xylobates 24424 — 6.0£1.2 2.6£1.6
4B FEE Perxyiobates 1.6+1.6 — 0.8+0.8 1.0£1.0
i3k R Tectocepheidae 53k & Tectocepheus — 2.11.7 3.1x2.2 3.0£3.0
B H R Oppiidae HHE R Oppia 1.3x1.3 — 1.7£1.0 —
% B Multioppia Hammer 0.8+0.8 0.9£0.9 — 2.9+1.7
P F & Cryptoppia Csiszar — — — 1.0+1.0
TR 8 )8 Microppia — — — 0.7+£0.7
LR} Oribatulidae B IR Zygoribatula 0.8+0.8 — — —
HRITH HEEF} Veigaiidae — — — 0.70.7 —
Mesostigmata FEWER} Ascidae — 26.8+5.5 25.5+5.6 19.9+6.8  35.0+11.7
J7 %} Laelapidae — 1.2+1.2 1.3+1.3 1.6+1.6 0.620.6
JFI AL Rhodacaridae %R Rhodacarus 9.4+5.6 14.8+2.5 6.9+1.4 9.243.2
/N IE Rhodacarellus — — 0.7+0.7 1.7£1.7
JEL 55 B} Pachylaelapidae — 1.3+1.3 — — —
FE S AL Uropodidae — 2.9+1.7 — 0.320.3 —
FHZZ R} Phytoseiidae — 1.3x1.3 0.9+0.9 0.3+0.3 1.7+1.7
AL Parasitidae — — 0.9+0.9 0.80.8 —
JRJE W BL Parholaspidae — — 6.3£5.3 2.6x1.6
AMAITH H 2 WE Eupodidae — — 0.7+0.7 —
Prostigmata FKAHFL Stigmaedae KA & Stigmaeus 3.6+2.2 9.7+¢7.5 7.1£2.7 4.2+1.5
TR Microdispidae ZHEEIE IR Allopygmephorus 11.2+6.2 13.6+1.8 12.4£6.5 15.0£3.3
S5 %} Trombidiidae — — 1.3+1.3 0.70.7 —
WA} Bdellidae — — — — 1.9+1.9
258 #} Cunaxidae Fi 75 )8 Cunaxa 3.0£2.1 — 3.0+1.2 2.5+1.8
TARITH B HEEARL Anoetidae — 1.61.6 0.3+0.3 2.7+2.3 1.6£1.0
Astigmata WL Acaridae — 2.1+1.3 12.749.5 4.7+1.8 1.2£1.2

RRNG FRERIR 22 1SD K305 Br /KR B OGS IR AR T el ) 10 43 LA 28 57 3%, P<0.05

2.2 B Br KRR R R ShAS MR Z RN BRI

M 6 .8 A1 10 H 4y 3 IRIHAF 4%

OIMTAREH e Br KA BRI B I 25 R - SRS B, AR 2

FEPE 5] B ARHR T8 (P>0.05; 3 2), CrylAb/Ac FilE 5L BUEE B 7K RS MRt 6] 1330856 25 R R 5 5 Y
MR (P=0.072<0.10;3 2) , H AHXFXEEART T, 3 IRTAAWIE CrylAb/Ac fl-& LR B Br /K
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FRREHE o T e | LA VR 2R E S5 BEERNRR 42 & B, T Cry1Ab 2l N3k R AYEL Br K R AR { 9
W T HEE A Y S (E 2)

5% BESEARMILL , Cryl Ab 44 FER G Br K Fe FivRs 35 A T 100 7 49y B 1T FRURG P 1 398 v i 2 i o
(-72%; P<0.05) FIRHEF&E B (-38%; P<0.05), [FAf 3 B T 8 H M AgH LI 5 5 (+15%;
P<0.05) ; BLAb, CrylAb/Ac Bl A SE R RV EL By /K FERIAEIE 532 55 T 10 A L3R5 VE 206 (+53%; P<
0.05; K 2),

K2 BB ABREFAMENEBH I EGRNENHESHEYINERFEENEFES(F/PE)
Table 2 One-way repeated-measures ANOVAs for the effects of the planting of transgenic Bt rice and their corresponding parental lines of non-

Bt rice on the abundance and community diversity of soil mites in paddyfields ( F/P values)

CrylAb 4l FE R A Cry1Ab/ Ac Filvf LR 2
b R T HE AR (FLIERT vs. F57K 11) (4R 15 vs. W 63)
Measured indices of soil mites Single CrylAb transgene Fused CrylAb/Ac transgenes

(KMD vs. XSD) (HHI vs. MH63)

% /100 mL Abundance (Individuals per 100 mL soil) 0.01/0.92 1.48/0.24
BEE Z A (H') Shannon diversity (H') 0.07/0.80 2.68/0.12
FEVEII21 (J) Pielou's evenness (J) 0.99/0.33 0.50/0.49
BlJEF & B (S) Margalef’s richness (SR) 0.13/0.73 3.60/0.072*

# RN B KRG B B SR 22 [A) 48 1.SD K86 25 A K, P<0.10 5 1% 40 H 5 ik LU ZE AL B ( Be vs. non-Be) B FEFF, L2011 456 H .8 H
10 3 YORBE F 1 T 0
2.3 R[EZER IS Br KSR + 36 28 B0 FREVE ZREPE RS TR

R 6.8 F1 10 £y 3 WAL R AR 1 (2 3) , AFIEFE B B KRR 25 520 T 1 S8 2 50wt
(P=0.035<0.05) fiIELE £ & (P=0.043<0.05) ,{EXF #EVE ZHEPE(P=0.21>0.05) FI¥ 21 B (P =0.86>0.05;
2 3) MR A B2 Horf X CrylAb 25 LR BYEE B KRS 5, CrylAb/Ac filtG 3L R BYHE By /K R Fhil
WERE T BB FREE FLHE T 5 B (P<0.05)  JFHE & TREE SRS E HERABE (P>
0.05; & 3),

5 CrylAb 45 BE A% B AKAEAH LG, Cry1Ab/Ac Bl G HE Y B KRR 10 95 1 6.8 #1110 F A
A7 TR FH S P R i | 2 R ik 284% (28% 1 124% (P<0.05) ; JF W58 1 10 H (A FH e fE %
ZFEME  $E 35 34% (P<0.05;) 5 ILAh, B B 425 T 6 A AT 10 A A8 1 - el 25 B 8 £ 5 B, s ik
113%#1 75% ( P<0.05; K 3) .

F3 BBOKEMENBHIBEBEYSNHESHEERNNNRARAFEENEFESN(F/PH)
Table 3 One-way repeated-measures ANOVAs for the effects of transgenic Bt rice planting on the abundance and community diversity of soil

mites in paddyfields ( /P values)

CrylAb Zi & IERR S CrylAb/Ac Fil & HEDRRY
ME RS B B R TEARLL (FOBERE vs. MR 1 5)
Measured indices Transgenic Bt rice with single CrylAb transgene vs.

fused CrylAb/Ac transgenes (KMD vs. HH1)

(/100 mL Abundance (Individuals per 100 mL soil ) 5.82/0.035 *
HEIEZFEME(H') Shannon diversity index (H') 1.65/0.21
REVE ] (J) Pielou’s evenness index (J) 0.03/0.86
BB E R (S) Margalef’s richness index (SR) 4.22/0.043

w FoREE B KFEZ 04 LSD Ku 622 5 .35, P<0.05; % /0 M J5 1k A SE R ( Cry1Ab 414 LR BRI FI CrylAb/Ac @& LD S R F, U
2011 4E 6 A .8 AM 10 H 3 YCRAE B W0 T2 &

WEF ARZ 5% Br DUHRAEY) 5 & B AR, 7 A R ) SRR 5 U A O T A R e, A A
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&
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Fig.2 Dynamics of individual abundance and community diversity of soil mites in paddyfields of transgenic Bt rice and their corresponding

parental lines of non-Bt rice
* FRFE B KHE K HF EEAZ A2 LSD K025 5 B3 P<0.05; R K'E FREFIRES: 3 WIRA L Br /KAE M I BB A R 28 LSD K
K955 8%, P<0.05

iAW 2 A P RORE A2 B W3l S ) TIBERE B AR IRIAR S, L AMIERE R e 38 ) b v i s
MRZR U ALK B AR AR A5 T AR A 13 DTS - 3 B0 s A 3 e f T 4 P e Ry
TEAFMESNY) SAEYIAR 2 A0 LA BAE ] e R RS R G iy HE AR EE IR AW A a0 o L
HEB RGN EERIREEY Z — , R AR v 2 F 5 2 R AR AR X AR E 9, {H 2 - SR 2 B P
I S B B 2 AR R I, R BECRAAH LL , Cry1Ab Sl FE R R (S URAR ) Al CrylAb/Ac LG
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Fig.3 Dynamics of individual abundance and community diversity of soil mites in paddyfields of transgenic Bf rice
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