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Arthropod community characteristics and relative stability in transgenic Populus

x euramericana ‘ Neva’ carrying bivalent insect-resistant genes
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Abstract: Genetically modified Bacillus thuringiensis is widely used for insect resistance. With the large-scale commercial
application of transgenic insect-resistant plants, the risk of environmental release is a concern. The development of
transgenic poplars could ‘effectively control poplar pests, and the fast growth of the species makes it suitable for road
greening applications. Henece, it is necessary to research and breed transgenic insect-resistant species with socioeconomic
benefits. Transgenic Populus X euramericana ‘ Neva’ carrying bivalent insect-resistant genes ( transgenic insect-resistant
107 poplar). are mainly used via the agrobacterium-mediated transformation method for gene transformation research in
Populus X euramericana ‘ Neva’ using bi-insect-resistant genes built in a vector ( BiCrylAc gene+API arrowhead protease
inhibitor gene). For transgenic plants, molecular detection and insect feeding trials have been carried out, resulting in the
development of transgenic insect-resistant 107 poplar strains. The transgenic insect-resistant 107 poplar has perennial
characteristics ; it may directly or indirectly affect the ecological system where planted in the field on the large-scale. To

study the effect of transgenic insect-resistant 107 poplar on arthropod community characteristics and relative stability, the
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arthropod communities in forests were monitored and analyzed. The research aimed to provide data support for the ecological
security evaluation of transgenic poplar, and provide a reference for the popularization and application of transgenic 107
poplar. We investigated the arthropod community in transgenic insect-resistant 107 poplars in a nursery field in Luannan
County, Tangshan City in 2015, using the community characteristic index, community similarity, community relative
stability, and principal component analysis. In total, 6,818 insects, belonging to 2 classes, 8 orders, 43 families, and 58
species, were collected. The results showed that Lepidoptera, Coleoptera, Hymenoptera, and Diptera were the dominant
species of transgenic insect-resistant 107 poplars, and Lepidoptera were the most abundant. The numbers of Lepidopteran
and hemipteran individuals were significantly different between transgenic insect-resistant 107 poplars and the  control.
Compared with numbers in the control, the number of individuals of herbivorous insects in transgenic insect-resistant 107
poplars were significantly lower, and the number of the individuals of sucking insects were significantly’ higher. Compared
with the control for the community characteristic indexes, the arthropod community diversity index and evenness index of
transgenic insect-resistant 107 poplars were higher, whereas the community dominance index was lower. These results show
that the species distribution of the arthropod community was more uniform in transgenic insect resistant 107 poplars than in
the control. The analysis of community similarity shows that the similarity of species composition:between the transgenic
insect-resistant 107 poplar was higher than that of the control. Analysis of the relative stability of thé community showed that
the number of arthropod communities in transgenic insect-resistant 107 poplars was stronger than that of the control. The
number of species and individuals of different functional groups of arthroped communities were more affected by the
transgenic insect-resistant 107 poplar than by the control.The main factors affecting the change of arthropod communities in
transgenic insect-resistant 107 poplars and the control were the herbivorous insect species and individual numbers, the

number of sucking insects, and other species of phytophagous insects.

Key Words: transgenic insect-resistant 107 poplar;” community characteristics; relative stability; principal component

analysis
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Lepidoptera #§3# H Coleoptera  JZ## H<Hymenoptera  XU# H Diptera .23 H Hemiptera Jiki# H Neuroptera , EL#
H Orthoptera  Wil%k H Araneida) ,43 %k, 58 Fh, Hor 3 de 29 Ff 43)@ 5 AN H , Hdp kB m B KA £ E [ K
Hyphantria cunea( Drury) A Bk Clostera anachoreta ( Fabricius) ARSI Phyllocnistis saligna Zeller; KL
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Table 1 The composition of arthropod community in transgenic insect-resistant 107 poplars

#3 #2 #1 #9 CK

PIIH Grotips NS NI P, NS NI P, NS NI P, NS NI P, NS NI P,
538 H Lepidoptera 6a 154a 44.78 6a  49a 20.74 6a 117a 4131 6a 108a 4022 7a 403b  70.06
#59 Fl Coleoptera 6a  58a 16.85 6a  46a 19.58 5a  47a 16.68 S5a  44a 1628 6a  46a  8.05
[ El Hymenoptera 4a  60a 17.51 5a  5la 21.69 3a  5la 18.09 4a  5la 1899 5a  57a  9.88
XG#H Diptera 6a 332 9.63 7a  46a 19.58 6a  34a 12.00 6a  33a 1244 TJa  39a  6.79
4 H Hemiptera 5a  26ab 7.66 5a  30a 1270 5a  23ab 821 5a  20ab 7.30 S5a  l6b  2.74
Jk# H Neuroptera la 4a 1.09 la 4a  1.80 la 2a 0.62 la 3a 112 1la 4a  0.74
E# H Orthoptera 0a 0a 0.00 la la 032 la la 026 la la 028 la la 0.3
ik H Araneida 4a 9a 2.48 4a 9a 3.60 5Sa 8a 2.82 5a 9a 3.37 5a 9a 1.61
J3t Total 343 100.00 236 100.00 283 100.00 267 100.00 575 100.00

NS : #FE Number of species; NI: P44 Number of individuals; P, J34H%F £ B Relative abundance ; [f]—47 A [ /NG G- B R [F] —F8 b A [F) Bk
A IRITE 0.05 AP T A7 70 10 35 1k 22 52

http ; //www.ecologica.cn



14 FRUTHT  AF AT HUE D 107 47755 S IR R IR SR A E TR 337

M 1 aT LU Rt RUE R 107 g 500 A, W B 2RI -5, #3 TEHBH R R, HA 748, HAbkk
R0 8 A H AEYREGE L SX B AFEREES . WS E B8HE S B S0 H 2
SEPTHIL D 107 A ROGT A 5 s sh R IE 1) S Hrh B B R B IR 2 B BT IRUE I 107 #5853 B
B ARG R S 5 2 B R SRR 21 X B Ay, Hohae 3R, Hofh B B9 AR ECS X R A
AR EZ T, WX 2 FF A A i B B AR 2 8 51k 70.06% , 5551 5L 107 34918 T
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*2 ERHER107 BTHEINMEEDER
Table 2  The function groups of arthropod community in transgenic insect-resistant 107 poplars

FofbAE fr e R

BHER &R T B B MEREL A A M REL |
. - . Other A . kR &

& Herbivorous Stick suction Predacious Parasitic .

" . . phytophagous . . Neutral insects
Strains nsects msects . msects msects
insects

NS NI NS NI NS NI NS NI NS NI NS NI
#3 8a 186a Sa 26ab 3a 10ab 8a 75a 2a 10a 6a 36a
#2 8a 80a Sa 30a 3a 9a 9a 63a 3a 8a 7ab 47a
#1 8a 140a Sa 23ab 3a 13ab 9a 65a 2a S5a 6ab 38a
#9 Ta 133a Sa 20ab 2a 10ab Ta 63a 2a 6a 7ab 36a
CK 9a 425b Sa 16b 3a 20b 8a 58a 2a 13a 8b 43a

NS #IFPEL Number of species ; NI IMA%L Number of individual ; [ — AR /INE FEAC K R — 545 AN R R R [BI7E 0.05 /K FAE R EME LR

HIZR 2 W], B UL IR 107 45719 sl Wik S5 0 B 7 D REZE A B2 i — B, AT #3 (b PR R ey b
BOGX AR 2E 5 . FehT U 107 A7 b it B A PRS0 IR I 35 0 /0 5 R B AR5 22 T 0 i
i, FErb#2 500 1 A SR WA B o ek 50 5 i G AU B R S AR 1 o [ A , #2500 TR S 20
FHEPERE AP ATE KRBT R R S X IR AL, 2257 AR, OB PR IE N 107 80k R  #2
AR R AR Bk R A AR A I B A AR 2 il R R OB O IR TR, PR R
B RZ

2.2 FEHUHRUER 107 1RSI TE RRIE AR L 35
et LN 107 4% W RS PR AR IR AR RO I 1, of S
1AL FSIER 107 B IS RIS he
STEHERCEG T AT, S Bt 100 B 360 T S 2
fk R SR 2 R B MRS R 5 R bt gé
LR 107 AT X, Hoha2 o g B R, 2
WARGE R BN i L ] 107 4745 %) Mg b 32 3 a
ab 1, abab
KPFEAITHA) Arctiidae  FHEFF Notodontidae 35 - i3k £} m_%iq
fedi e di s

Tortricidae HFHEL Chrysomelidae 55, F T UL A 107 1

(A SR BVEAR , BEI RS KRR F I

23 AL 107 B S H I AR L S0 |l RARERIBTRIOREGEEL
I AL L 07 L e e

BB HIAEE RS, ot IR A AR IAN UMK R 5 g ooty o 50 0 0,05 A 7
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Diversity index ~ Evenness index ~ Dominance index
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Table 3 The similarity of arthropod community in transgenic insect-resistant 107 poplars

¥R Z Strains #3 #2 #1 #9 CK
#3 1 0.8462 0.8077 0.7170 0.7925
#2 1 0.7778 0.7885 0.7636
#1 1 0.7843 0.6964
#9 1 0.8039
CK 1

2.4 FEyt AR 107 A7 B P RETS AR RS E P BT

0.90
HeTL VIR 107 b W ESD I REVE AXTREHEAM BT 2 0% g%‘
LRI 2, @ionfan
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IRCENYIRET DR EAR N B2 SRR X e/ | B e B 2 S HER 107 41 B M RE AR E
*}T E % 107 %ﬁv“ﬂﬁiijj%ﬁfé%ﬁlﬁﬂﬁﬁiiﬁﬁ ﬁrE‘IJ 2/‘] Fig.2 The relative stability value of arthropod community in
PR SEHCIIER 107 B SR IREAN S,/5 ML HEes WecCreitant 107 poplrs
HEF 1 >8> 59> CK > #3 , H 22 5K 15 3 25 0156 4 iy i;gzgs%i’énx‘lﬁ]#?‘éﬂ‘mﬁlﬁlﬁ%%lﬂﬁ 0.05 K-V FA#1E
S 107 b6 B T R AL SR A e
TRFEES,
2.5 BEPURAED 107 Ao s B E T 32 o ordh

TR IO I T TR RN A07 WS REAZ PR A TSl A v A 2 A B IR B L R A% TR R 2 ]
MR OCR HR LK 4,
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Table 4 The principal component analysis of arthropod community in transgenic insect-resistant 107 poplars

W& % F# At Factor Loading S &
Strains Component X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 Cumulative/ %
#3 I -0.,006 0.125 0.186 0.101 0.186 0.073 0.187 0.013 -0.029 0.175 0.107 -0.088 4527
I 0.279 0.120 -0.017  0.218 -0.017 -0.295 -0.068 -0.041 0.178 -0.034  0.080 0.154 74.25
I -0.018 -0.137 -0.015 0.071 -0.015 -0.113 -0.060 0.301 -0.197 0.083  0.248 0.305 100.00
#2 I 0.159 0.157 0.164 0.134 0.030 -0.062 0.125 0.033 0.058 -0.044  0.144 0.146 50.89
I 0.057 -0.089 -0.014 0.152 0279 0292 -0.123  0.239 0.016 -0.040 -0.143 0.121 79.68
I} 0.008 0.130  0.010 -0.187 -0.004 -0.101 -0.129  0.095 0362 0.399 0.199 -0.130 100.00
#1 I -0.073 0.027  0.079 0.121  0.198 0242 -0.049 -0.138 0.019 0.167 -0.029 0.257 39.37
I 0.261  0.265  0.249 -0.030  0.000 -0.011  0.079 -0.051 -0.099 -0.025 0.215 0.015 71.05
I 0.085 0.056 0.000 -0.339 0.010 -0.102 0.308 -0.116 0.207 0.061 -0.085 -0.185 100.00
#9 I -0.024 0.165 -0.172 -0.140  0.172 -0.023  0.066  0.015 0.172 -0.068 -0.083 -0.138 49.37
I -0.021 -0.009 0.032 0.202 -0.032 0.248 0.205 0.073 -0.032 0.261 -0.175 -0.083 82.48
| 0.458 0.077  0.002 0.006 -0.002 -0.045 0.127 0.470 -0.002 0.081  0.083 0.115 100.00
CK I -0.006 0.120  0.230  0.239 -0.048 -0.011 0.137 -0.024 0.139 0.224 -0.007 -0.153 35.07
I 0.209 0.166 -0.103 0.026 -0.107 -0.140 0.262 0330 -0.277 0.078 -0.035 0.125 69.54
| -0.001 0.361 -0.034 0.075 0.106 -0.356 0.137 0.159 -0.126 0.035 0.193 0.263 100.00

X1 i B U, X2 B B A A X3 . IR Bt AR s X4« U B AN XS A B A X6 - A A B A P, X7 3 A R o
B0 X8 A B KA AKX 5 A MR BRI X 10 37 AR P RTCA ARG X UL M B A A B, X2 e R MR, 18— F i I8 3 I
H=FR
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