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Effects of transgenic ACO2 cotton on growth characteristics and insect

community
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Institute of Cotton Research of CAAS/State Key Laboratory of Cotton Biology, Anyang 455000, China

Abstract: The growth characteristics of transgenic cotton and its effects on the insect communities in cotton fields, which is
a key aspect of the evaluation of the environmental safety of transgenic cotton, must be assessed. In this study, we selected
the new transgenic ACO2 cotton and its parental CCRI 24 as samples to test cotton growth and changes in insect community
in the city of Anyang in Henan province in 2013 and 2014. The results showed that, the leaf dry weight was not significantly
different between transgenic cotton and the parental cotton plant at the seeding, bud, flowering or boll stages. In the
seedling and bud stage, the leaf area and leaf area ratio of transgenic cotton was not clearly different from the parent.
However, in the flowering and boll stage, the ratios were significantly different from those of the parents, specifically 27.1%

and 26.2% higher in 2013, and 16% and 19.9% higher in 2014, respectively. There were no significant differences
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between the transgenic cotton and its parent plant with respect to plant height, leaf number, boll number, bell number or
boll abscission number. However, boll branch number in transgenic plants was significantly higher in the parents at the boll
stage. During the three adult peaks of occurrence of Helicoverpa armigera, the corrected mortality of cotton bollworm and
beet armyworm in transgenic cotton was much lower but was not significantly different from the parental control. The total
number of individuals comprising the insect, pest sub, and natural enemy sub communities in the transgenic cotton field
were higher than that in parent cotton field, at 11.5%, 10.5%, 33.4% and 8.1%, 63.1%, 12% in 2013 and 2014,
respectively, with a significant difference in 2013. Owing to the diminished occurrence of insects in 2014, the difference
was not significant. However, the order, family, and species as well the indices for biodiversity, evenness, and dominant
species were not significantly different. The above results demonstrated that no obvious advantage was apparent in the new
transgenic cotton in respect to growth potential after the ACO2 gene was imported into the cotton. However, the yield
component traits in some periods were enhanced. This preliminary study illuminates the rules and dynamics and competition
of insect communities as well as the survival of transgenic cotton plants in the field. This could provide a theoretical basis for
the evaluation of new transgenic cotton and environmental safety, and this could be the beginning of the accumulation of

data concerning both these topics.
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F1 ¥HACO2 ERMBIEXMBEM FTE ARKILHERAIHNE(2013—2014)
Table 1 Effect of transgenic ACO2 cotton on dry weight, leaf area and leaf area ratio in 2013 and 2014

2013 2014
JALRIpEA JALRTEEA
a4 Fx ' M TE AR ' M TE AR
L T H 1 . Leaf area =] . Leaf area
Varieties Dry welght Leaf area/ . Dry welgh[ Leaf area/ .
Survey date : ) ratio/ Survey date | R ratio/
of leaves/g cm 2 of leaves/g cm” 2
(em™/g) (em™/g)
12HN-4 05-28 0.08+0.01 aA  14.46+0.82 aA 189.83+7.97 aA 06-2 0.09£0.01 aA  16.67£0.74 aA  196.06+3.66aA
H#f T 24 CCRI 24 0.08+0.01 aA  15.39+0.69 aA 194.65+8.05 aA 0.10+0.02 aA  18.83x1.70 aA  195.99+9.21 aA
12HN-4 06-20 0.29+0.02 aA  66.50+5.71 aA 230.45+2.39 aA 06-25 0.31+0.01 aA  71.03+4.75 aA  233.67+4.98 aA
AT 24 CCRI 24 0.31+0.01 aA  65.52+2.33 aA 213.49+5.34 aA 0.31+0.01 aA  66.72+1.93 aA  214.31+0.96 aA
12HN-4 07-25 0.31+0.01 aA  71.64+5.58 aA 232.91%3.03 aA 07-25 0.32+0.04 aA  73.75+2.78 aA  234.72+4.68 aA
HAf AT 24 CCRI 24 0.28+0.03 aA  56.35+3.24 bA 198.44+3.19 bA 0.31+0.01 aA  63.56+3.77 bA  201.74+6.02 bB
12HN-4 08-20 0.34+0.02 aA  72.55+5.33 aA 213.38+5.86 aA 08-25 0.36+0.04 aA  72.69+4.64 aA  201.92+8.47 aA
AT 24 CCRI 24 0.35+0.03 aA  57.51+4.32 bA 164.31+4.82 bA 0.36+0.03 aA  60.62+3.86 bA  168.39+6.64 bA

B IR /ING g iRl i) 25 S S 25 R B 2% (P<0.01,P<0.05)

2.2 % ACO2 FEIARAE XA AL 7 S 4 R 1 52 e

HELIARAE 12HN-4 M AEpk s =25 R 80 R /NS BRI 28 v B8 v T HOoR A MR AR BT 24,
B 22 T ¥Rk B K 2013 AFEAR WL LN MR AL 12HN-4 BAE B 20 T HoEAR MR, SMNEIENEE A )G, N
{3 T ARAE I E IR A B AR T A K S A9 3] T 30 | B SR SRR O . G 2 MR B 1 in (3R
2) . 2a B 2013 LSRR AL BoEA MRV E K#I55 T 2014 4F
2.3 B ACO2 FE AR AEXTARAS HURIE R0 ik 4h B IEFE T - 2R A 52 1

FERBAE A B OGS 0T 309 ( AR HUR AR ) B ( AR AL s R 2B D)) RGBS I ( AR AR s R A
) SRR AL 12HN-4 XA AL HORTEER R i 2l R IEFET - 3R 55 36 A B R TE B 35 25 5% (36 3) , R AF
JESE ACO2 FEPHE AJG , A U A A0 0 A 2 223 H 5 i s il 7, 2 B X AR 1 AR K R A —
TE RS SRAE A
2.4 ACO2 HFIARAE XA L AL 4544 5 20 B i 52 e

MRAE A AN A L OBV 4500 S 2 i R AR S SR AN ], B O T R A 4 12HN- 4 A B
7% | B RV R B A s B A RS 38 S 28 T L 2 A o) BEUA FH oAl B 24,2013 4R 43 531 5 11.5%
10.5%H1 33.4% , 2% 5243k W E K-, 2014 4E53 5155 12.0% 8.1%H1 63.1% , 25 S ¥R 3k B K-, W 4 3L A
FRAEA R T4 3 R A B e N5 i & sE bR MECR R3S 2 B R BER |3 AU BT8R K S0
HETE ) i H BRI R AT HEAS TG fk 25 22 55, 8 W 2 5 DRI AT A0 0TS 357 HR RN R SB0R 2R 00 A8 b 1
HEENEm(FEL),

2013 AR HOREVE |3 O R OR RO A 7 B A B0 F 2014 47 AR B U5 5 41 il 45 S 50m
LR EES,
2.5 % ACO2 FEFRRAEXT AR H A= 90 2 R A 52 TR

5% HEA F A= ) 2 BEPEAH 1L, 2013 45T 2014 4554 5 DA A6 XA FH B SRR E | 35 s R R R BT A v
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BIRE I AR S 2 VE8 ORI S 354 v Pk 48 B J0 TS 14 52 o, BV HC A Y R SRORRE 9% A A 1R O 0 3%

e

R2 FACO2 EEMREXRES R~ BB K BIRIE(2013—2014)
Table 2 Effect of transgenic ACO2 cotton on the plant height and cotton yield traits in 2013 and 2014

2013
g K /e B/ viec Rk ZEH A A
I Al R R
Survey date height number fruit branch of bud number number Drop number
05-28 7.05£0.15 aA  3.54x0.82aA - - - - -
HHR AT 24 CCRI 24 8.1320.48aA  3.6320.59aA - - - - -
12HN-4 06-20 24.37£2.45aA  11.570.67aA  3.13:0.42aA  4.1720.57aA - - -
AT 24 CCRI 24 30.933.90aA 11.4720.06aA  4.45:0.57aA  4.0320.54aA - - -
12HN-4 07-25 66.37£3.91aA 14.53x0.90aA 11.53£0.81aA 12.63£3.04aA 2.50:0.44aA  5.20£0.78aA  8.70x1.34aA
AT 24 CCRI 24 70.83:1.42aA 14.83:0.85aA 11.37+1.12aA 11.63x2.95aA 2.50x1.35aA  4.30£0.44aA  6.87+2.46aA
12HN-4 08-20 - 1337£1.60aA  12.60£2.60aA  0.77+0.09aA  11.63x2.51aA  1.13:0.28aA  11.63+1.94aA
AT 24 CCRI 24 - 12.43:0.73aA  8.73:0.65bA  2.00:0.49bA  10.90:0.61aA  0.47+0.08aA  10.40+2.43aA
2014
T WM B b e R g e BRR
Survey date Plant height  Leaves number "\ Number of bud Big boll mumber % Drop number
6-2 7.96+1.37aA  4.07+0.32aA - - - - -
ki 24 CCRI 24 7.71£124aA  3.93£0.75aA — — — — —
12HN-4 6-25 31.40£2.50aA  11.73£0.12aA  5.27£0.65aA  7.43£0.15aA - - -
BT 24 CCRI 24 31.70£131aA  11.23£0.25aA  4.83£0.55aA  7.13£0.35aA - - -
12HN-4 7-25 73.27£2.00aA  15.63+1.04aA 11.77:050aA  14.43+2.68aA  2.57+0.51aA  5.43:0.99aA  9.30£1.30aA
HIRT 24 CCRI 24 71.27£5.15aA  13.27£0.49aA  10.83x1.29aA 11.20£2.78aA  1.63x0.83aA  4.57x1.10aA  8.63+2.31aA
12HN-4 8-25 - 15.10£0.70aA  10.27£0.50aA  1.47:0.47aA 13.73:0.71aA  1.67£0.23aA  14.97+2.01aA
HUARET 24 CCRI 24 - 14.1760.35aA  8.97+0.65aA  2.00:0.49aA  9.63x1.57aA  1.67+0.53aA  15.83+1.63aA

£33 #HACO2 EEBILITIREL RANF R 4h HA IE LT AR (2013—2014)

Table 3 Effect of transgenic ACO2 cotton on corrected mortality of cotton bollworm and beet armyworm larval in 2013 and 2014

) 5 2013 2014
HEAE K 4 B —_— . _
Cotton growth period Varieties S L B e AR
Cotton bollworm Beet armyworm Cotton bollworm Beet armyworm
1] Seedling stage 12HN-4 20.00£6.67aA 25.56+1.92aA 18.33+£5.27aA 24.44+6.25aA
iR T 24 CCRI 24 22.22+8.39aA 24.44+2.62aA 20.67+3.33aA 22.22+3.69aA
] Budding stage 12HN-4 25.33+£6.43aA 19.76+6.19aA 17.46£4.29aA 20.57+4.47aA
TPAR AT 24 CCRI 24 23.89+6.12aA 20.43+2.10aA 20.33+4.16aA 22.33+3.67aA
TR 12HN-4 14.67+£9.24aA 18.47+6.28aA 25.67£2.21aA 26.33+4.93aA
Flowering and bolling stage H#fiff 24 CCRI 24 19.32+5.83aA 20.38+5.82aA 23.33+4.56aA 25.67+4.33aA

[REIFNAR R A /ING Bk R 7] 25 S Bt 35 R B 3 ( P<0.01, P<0.05)

AR ] b & B RS OBV | O RV AR B REVE Z2 FE MR 0 3 5 8 SO 3548 rh M HR Sl ik 1
2013 4F{IRT 2014 4,
2.6 % ACO2 LRI AL XIAR H AR S b B HU O 45 15

2013 4FF1 2014 AFEPIAE IR IR 25 14 & BUAR H 32 SO0 5D 3 ARG 3 R A 0 A RN 86 25 | 7 A% H 3
AR A AL, A SRR R A/ INMENE BN Rk sr ORI A SR IR SRR AR L,
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B L DRI FE AT 38R 5 SR 34 b R R R P SRR, A 38R A L A B TG 8 25 25 5 ELIR T R MeF R -0 2013 4R 4
PELLT 2014 4F , HAA R AP HEE 2013 4E 5 T 2014 4E (£ 6) . FWIAMEILH ACO2 S A S, % H E
B AR R BB A B AR

F6 FACO2EREEEIIEAMEHHEREEERIIT(2013—2014)

Table 6 Effect of transgenic ACO2 cotton on the dominant species of insect dominance in cotton field in 2013 and 2014

- o = SR - HA BT
sect species nant species i T 24 i Fr 24
Insect species Dominant species 12HN-4 CCRI 24 12HN-4 CCRI 24
FH Pest HiWF Aphis gossypii 0.7668+0.0370aA  0.7343+0.0412aA 0.6448+0.011aA 0.5775+0.088aA
NEA T\ Bemisia tabaci 0.1554+0.0233aA  0.1437+0.0260aA 0.2316+0.015aA 0.3241+0.085aA
1] Iy Trips tabaci 0.0447+0.0030aA  0.0443+0.0051aA 0.0619+0.001aA 0.0622+0.005aA
Hi W Empoasca biguttula 0.0337+£0.0070aA  0.0420+0.0022aA 0.0075+0.001aA 0.0019+0.001aA
PN INAESE Orius similis 0.1296+0.0230aA  0.1372+0.0262aA 0.1153+0.015aA 0.1111+0.038aA

Natural enemies

B3 Mummy
T[] /)N BRI

0.0424+0.0030aA

0.0323+0.0072aA

0.0443+0.0051aA

0.0294+0.0021aA

0.0921+0.011aA

0.2276+0.051aA

0.1028+0.048aA

0.2038+0.300aA

Hylyphantes graminicola
1o, 28050 Propylea japonica 0.0080+0.0008aA
[T AN IO/ NG - BE R it ol 71 2 540 3R {2 25 (P<0.01, P<0.05)

0.0104+0.0026aA 0.0764+0.020aA 0.0708+0.029aA

3 it 54R
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BT i B AIMEF S ARSCFE 45 R W], ACO2 FE Rk AMRAL S , MR AE B9 K 3 A R B W]
AP 07 d A PR R TR A8 0128 IR RSB 353 22 T DA v ™ D Bt R TR A AR R A 1
wh,

M2 —A AT 0T R ARG, A B RIS e — D LIARAE S rhol 2 Fp 3 U R B AP Ry 52 2
RGN M R R EEE S S AR TST SRR SR R RS TR BRI TS A R R O A SRR E A
FHEE SR . A RD AR AT R 3 G KIEAE B AP IR PR SRR 2 — o B RE b5 Al B RV 1Y)
G54 527 T R ORI RN AL R S 25 R 2 B AR AR R E KRR BT . IFSR 25 SRR, 5% ACO2 &
DIRRAE MRS A B HURE T 3 IR P R RO A s 0 48 R Rl 5 0 B P T 2 3 22 5 (HL R IS L
B R TN R | S BORPR BE RAR AE Y R T AR5 L P TR ARG R AR AR 1S O, HARAE I A i A o
R, A A TAR A & PR O IO RN e 3 Al e T it T R AR e IR, NI S D B B KRR
RIS 2,

HMNFFER T, VEDE T VE 7E 1 22 380k s 78 00 Al v B 4 e A s 20 i AR S LA AL A )
AR T 2B S ey H IR, A 5 3 B R A AR 1 B A DG TR 4 T AL 2 DRI T 3028, S 75 0
A B O A DA R RO 4 L R AR AR S RGN W) 2R R S IR SR 25 SRR #6 ACO2
SEAIARAERRE IS Al FH B ey |7 O AE VR A R RO A 7% AR VRS 2 S ) P8 BRI 3AE b P48 B0 S5 00
AR C R F 2%, X5 Saxena and Stotzkym] . Baumgarte and Tebbe'?!  Marvier'® | O’ Callaghan i)
Hilbeck %% Torres' ™ MM 5745 RIEA — 30, B SHEFRH 7 W98 (0 RRm2 DA AL XA AR W) e v 2 0
PERZ WA FIVAE TR 55 2 56 Cryl Ac+Cry2 Ab Aff FERHE MU FE15 i sh e o 3 R S R R RO R 7% 19 22 R

B ROY TO ] 25 S O RE TR 4 R — B
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