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Community Structure and Abundance of Soil Ammonia-oxidizing Bacteria and Ammonia—oxidizing Archea as
Influenced by Insect—resistant Bivalent Transgenic Cotton
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(1. Key Laboratory of Original Agro—environment Quality of Ministry of Agriculture, Agro—Environmental Protection Institute, Ministry of A—
griculture, Tianjin 300191, China; 2. College of Plant Protection, Shenyang Agricultural University, Shenyang 110866, China )

Abstract; The cultivation area of genetically modified(GM ) crops has expanded significantly in recent years. However, concerns have been
raised over impacts of GM crops on soil ecosystem, especially soil microorganisms. Here, we examined the influence of insect—resistant biva—
lent transgenic cotton on soil ammonia—oxidizing bacteria (AOB) and ammonia—oxidizing archaea (AOA ). Terminal restriction fragment
length polymorphism( T-RFLP) was used to evaluate community structure change and qPCR to detect abundance difference. Compared to
the control, the population of dominant AOB and AOA did not show significant difference in insect—resistant bivalent transgenic cotton soil,
with no changes over the growth season though the ratio of each dominant species population varied in different varieties and at different
growth stages of cotton. The Shannon index and Evenness index of AOB had no significant difference between the transgenic cotton soil and
its control during the whole growth period. The Shannon index of AOA had similar results, but Evenness index of AOA was significantly low—
er in the transgenic cotton soil than in the control at the seedling stage (P<0.05 ), with no difference found at the other growth stages. The
abundance of AOB in the transgenic cotton soil was higher at the blooming stage, whereas lower at the other stages, as compared with the
control soil. However, AOA had lower abundance in the GM cotton than in the control soil throughout the growing season. Therefore, the in—
sect—resistant bivalent transgenic cotton had no significant impact on the community structure of soil AOB and AOA, but reduced the abun—
dance of AOB and AOA, suggesting potential impacts of transgenic cotton on soil ammonia—oxidizing microorganisms.
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AOB F1 AOA 435I FA5 14 amoA-1F/amoA-2R?
F1 Arch—-amoAF/Arch—amoAR™EFT PCR §7 3 | H
FUES1 Y amoA-1F Fl Arch—amoAF [ 5’ i % FH 6-
FAM PEFTHRIC, 551~ DNA £ 3 REA . PCR [
& % (25 wL) {245 : 10xBuffer 2.5 pL,0.8 wmol - L™
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Table 1 Physico—chemical properties of soils grown with insect—resistant bivalent transgenic cotton and control cotton
at different growth stages
Qb3 0 S Ammonium—-N 2S5 & Nitrate-N 4% Total N 4% Total P # % Available A HLI Organic matter 757K Soil
Treatment P Erim/mg ke Erim/mg ke Hile kg Eimlg-ke! P & a/mg kg™ g kg moisture/%

SY-1 8.04+0.04a 3.57+0.39b 36.41+0.69¢ 0.10+£0.00a  0.80+0.03abc 32.08+5.50d 23.12+1.52h 19.59+0.29abc
SGK-1 7.99+0.05a 3.51+0.45b 36.19+4.75¢ 0.10+£0.00a  0.71+0.06ab  26.20+1.70bed 22.09+0.70h 19.99+0.18be

SY-2  8.32+0.02bc 2.89+0.37b 3.54+0.19a 0.18+0.01b 0.87+0.02¢ 28.20+1.45¢d 26.61+0.14¢ 20.04+0.34be
SGK-2  8.39+0.06¢ 2.92+0.13b 2.26+0.29a 0.26+0.03¢c  0.76+0.04abc ~ 21.94+0.81abc 21.28+0.58ab 18.61+0.55ab

SY-3 8.33+0.01bc 1.63+0.22a 3.48+0.35a 0.18+£0.01b  0.84+0.02¢ 18.80+0.97ab 22.84+0.86b 17.90+0.37a
SGK-3 8.31+0.06bc 1.57+0.30a 4.25+0.18a 0.14+£0.01ab  0.81+0.04bc 16.02+1.27a 18.91x1.21a 17.93x1.17a

SY-4  8.22+0.01b 1.17+0.03a 12.35+1.31b 0.63+0.01d  0.82+0.01bc 26.84+2.49¢d 27.81+0.09¢ 20.62+0.36¢
SGK-4 8.43+0.07c 1.14+0.06a 5.41+1.02a 0.60£0.01d  0.69+0.02a 16.46+0.73a 21.81+0.51b 20.47+0.43c

VB PR ING 5 B2 7 22 S S 2K F-(P<0.05), .
Note: Different lowercase letters in the same column indicate significant differences at P<0.05. The same below.
xR 2 AEEKFARNNEEE HTRBEMI R T IEHEALE (ng-kg'-h™)
Table 2 Potential nitrification activity(PNA ) of soils grown with insect—resistant bivalent transgenic
cotton and control cotton at different growth stages(mg-kg™'+-h™)

AbFE Treatment SY-1 SGK-1 SY-2 SGK-2 SY-3 SGK-3 SY-4 SGK-4

fitifk# PNA 0.99+0.06b 1.00+0.08b 2.08+0.07e 1.78+0.05d 1.66+0.04d 1.49+0.07¢ 0.42+0.02a 0.38+0.00a

TE: R4 A /NG PRFOR 2 R R B R K (P<0.05) . T,

Note: Different lowercase letters in the same line indicate significant differences at P<0.05. The same below.
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afi fk 15319 AOB PCR 741 R F BR il 14 1 ) it
Mspl(TaKaRa)#E4 7/Y] , 414615 2 ) AOA PCR =¥
KRR N VIEE Hha 1 (TaKaRa) 1 TEED) (S50 H
37°C3h), BEYIPkA TAEY TR )R IR
A El T T-RFLP 7347t T-RFLP £dfa 0 Hrish# /v
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C), IR AT 1.5% B IR WEEEIE Ft Uk LA# 7€ PCR 7= 4]
(IR . BT qPCR SO Y8 2 XTI

DIFR A 13 DNA Syt it 4y PCR 918 3145
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Table 3 Primers and reaction conditions for qPCR
¥ -3’ S S pE P
HERAEI Target gene 519y Primer sefﬂc; 53'—3' Anneaﬁé(t{jr:;erature Pij?f :f;e iﬁﬁfﬁ
2l 16S rRNA Bacterial 16S rRNA 515F TGCCAGCAGCCGCGGTAA 55 C 425 bp [29]
927R CTTGTGCGGGCCCCCGTCAATTC
T 16S tRNA Archaeal 16S rRNA ARC344F ACGGGGYGCAGCAGGCGCGA 55C 552 bp [30]
ARCI15R GTGCTCCCCCGCCAATTCCT
AOB amoA amoA-1F GGGGTTTCTACTGGTGGT 60 C 491 bp [31]
amoA-2R CCCCTCKGSAAAGCCTTCTTC
AOA amoA 19F ATGGTCTGGCTWAGACG 55C 628 bp [32]
CrenamoA616r48x GCCATCCANCKRTANGTCCA [33]
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AU 2 32 D B s A RN B - e o i g AHE
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Figure 1 T-RFs relative abundance of AOB and AOA amoA gene
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LU, BUN LR T AR AL 3 550 bp T BCE
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— AR , fE— e PR L A S AR R A RD
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S S R BRI S r EE, T Evenness 244
RIHFE LGS m s, S5xf b g
JIrANE] o i 2 M AT R 3R, AU B DR T A AR XS
M8z 8] -3 AOB [y Shannon Fll Evenness 2 FEE38
B 25, 1 AR A KA 8 E Shannon F1
Evenness ZHEVEFREIY R KA 840, DB T35
AOB ) ZFE M I AT TR A AU e 35 DR B AL AR A X b
P A A S U2 T ELR 32 B AR R i I 52 A
[F) A K B Y 6F B8 4 48 AOA f9 Shannon Fl Evenness
Z FEPE T8 BRI R SE BE AR T v T R AR 0 A2 L
P WS PT RARAE 3 AOA (¥ Shannon $5%§
RIAFTHEEREARA B H, T Evenness ZF: 1%

PR T R a3, 5 X R A B FOR ], B
PRI BT A B, WU i B R BT R A6 T B 22 [R] - 4
AOA ] Shannon ZHMEFE 82 7 A%, 5 AOB A
[i], 177 Evenness Z2FEMEFE 50 B[R], X BRI ¢
KR s, e KB (0.559) H B AE i 0, s A (e
(0.482) H BAERE W, T AUH e 55 R 4T AR B AN [) A=
FIF I 2 A 22 5 AN 1 25 R B SUA 5 S DR B S AT A
AT X HRAM(P<0.05 ) , HoAth A= K Bsf 11 5 % B34 T
WEES
2.2 11 AOB 1 AOA B EME HIEBEHMERL
BB X N 43 AT

¥ 13 pH AR (NO;-N) AR (NHI-N) |
A (TN) 2 (TP) 5w (AP) A ML (OM) 15
K AE (SM) XF 358 AOB Fl AOA B 75 45 44 1) 52 Wi >R
FHCANOCO #fFi#k4T CCA 4o 4558 (K 2) K3, W
Wi BE NPT B AR AEFNXT BE AOB BEIE a5t ¥R BN 5
AR AR DG , BRI B AT 43 R RIS [m] 7 2R 2k
TEC, BIVEG HAFNET B DL R AE AR A Ak 22 AOB BV
AR —2e o BN 5% R T AR AR A0 R - 3
AOA BN TCH B R BTE, 5 AOB FHIE 4544 53

&4 13E AOB F1 AOA Y Shannon FE£1F0 Evenness 54§
Table 4 Shannon index and Evenness index of soil AOB and AOA

Ihg AOB AOA
Treatment Shannon 5% Shannon index Evenness $§%1 Evenness index Shannon F5 %% Shannon index Evenness %% Evenness index
SY-1 1.521+£0.042a 0.613+0.008a 1.256+0.026a 0.559+0.035¢
SGK-1 1.566+0.072a 0.588+0.014a 1.402+0.142a 0.533+0.002ab
SY-2 1.627+0.011a 0.622+0.006a 1.236+0.075a 0.482+0.014a
SGK-2 1.592+0.042a 0.580+0.025a 1.446+0.039a 0.514+0.010ab
SY-3 1.560+0.069a 0.610+0.009a 1.416+0.065a 0.524+0.015ab
SGK-3 1.528+0.014a 0.575+0.011a 1.398+0.091a 0.515+0.025ab
SY-4 1.566+0.040a 0.579+0.011a 1.220+0.041a 0.489+0.017a
SGK-4 1.638+0.051a 0.596+0.023a 1.288+0.081a 0.512+0.027ab
2r T oy
(AOB) i . 1 (A0A)
TR, | ¢ |
] | ] i
hom K . ™ .
. -"'OM'\-\. -"'_: C i . . -t
A PN o | pH o IN
S ﬂ’ﬁﬁ L. L8 i L1 F]
i AP e } ‘%m‘pH N
wNOaNg . B, TN 1 oo
NH-N ¥ 5 i | b B e NHEN S S —
P ] |
A g oo e,
ol T ’ o < | W . & AD = OM
i e s~ i o ol g I
~1.0 1.0 L0.6 1.0
“rSY-1 *#SY-2 mSY-3 X SY-4 TSGK-1 2 SGK-2 O SGK-3 3SGK-4

2 CCA S HIEBAL BT AOB #1 AOA BEE L5720

Figure 2 Canonical correspondence analysis(CCA ) of effects of soil physico—chemical properties on AOB and AOA structure
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Mrai RARTR . WU e BBt AR AE XS B2 ] AOB
RETE S AL SR R A 03 1, AOB VR 454 78 Ak S5 i A
A I HA AHOCHE | TS 32 XU 5 SRR e s AR AR A
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2.3 11 AOB 1 AOA FET{

+4% AOB Hl AOA 7€ it PCR 45 R ILIAI3,
Xt B -3 AOB = J38 it A= 1 H0) 2 BA H e o ek i
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S e (AR IRAE I 22000, g B o T35 1.21x10° A4~ 5 D
B, B AR BRI, g v 1 7.88%107 M5 I
B, TR R BT R AL L AOB £ R R S (E Y
BAEAEEE T, g ve T3 1.01x10° A5 DUEL, S flR
HELAE B, g v 1 7.36x107 A48 DUEL 7R 9
AR 2 XU BE R BT AR AE 158 AOB i
AT %0 B, T AEAE A% 10 10 B, Bk 240Ut e
LT UL 145 AOB = B AR 2 &I X B AN (P<
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Table 5 Ratios of soil AOB/bacteria, AOA/archaea and AOB/AOA
Qb3 AOB/4A AOA/TH AOB/AOA
Treatment AOB/bacteriax10*  AOA/archaea AOB/AOA
SY-1 1.16x0.14a 0.52+0.01abc 0.27+£0.05a
SGK-1 0.92+0.11a 0.52+0.01abc 0.22+0.02a
SY-2 0.89+0.13a 0.55+0.05bc 0.27+£0.04a
SGK-2 0.73+0.16a 0.60+0.05¢ 0.24+0.06a
SY-3 0.79+0.10a 0.54+0.05abc 0.22+0.04a
SGK-3 1.03+0.17a 0.51£0.01abc 0.31£0.04a
SY-4 0.97+0.13a 0.49+0.02ab 0.31£0.01a
SGK-4 0.86+0.08a 0.44+0.01a 0.30+£0.02a
5.0r
= 4.5 " a
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o< [ H
52 257 | i
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Different lowercase letters indicate significant differences(P<0.05) between different treatments

&3 ti% AOB 1 AOA FETH
Figure 3 Changes of soil AOB and AOA abundance
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F o6 TIEMUHE(PNA)E AOB £E AOA F£EM
AOB/AOA FELLMMEXRE
Table 6 Correlation coefficients between PNA and abundance

of AOB and AOA genes and AOB/AOA ratio

R AOB FJF AOA FJF AOB/AOA EF It
Tk PNA 0.287 0.021 -0.214
3 g
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A R 1 R, — B BB R OGN, N
FAE PR bl AR S R G ) T g R A ) B A
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T 45 74 AR AL BB 8 i W it b A 25 2R G 0 IR B AR 4B 1
Mo 1, 32 I A B 2 R A 50K
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PR 52 o
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ST EE RS AOB AHAL, 168,259,550 bp [ Br itk
1) AOA LT , FA7E T BAE L 3 28 B e
ANTR) A A s B AN [R]A A R 38 vp B 5 H s A2 b
WA AAHIE] , AOA [ V& 235 46 W) oK & A= B I e 2%
(A 32 S A AL it o R JEC A P45 DR 28 A s i

X+ AOB ZHEMAE R T AL, AR A
XUt B R T O A8 A B 22 1] Shannon F1 Even—
ness fEE022 F IR B3, i HASRIAE KB A 2 (o]t ok
I B 225, VLA SE R AE AR T AOB
ZFEE T 5 (RIS R 32 B AR R B I Y
WEZW ., 5 AOB MR, ZEA A KB 1 AOA
i) Shannon F8 4K & A= ik 2284k, HAERE A A IR
NI TC I % 25 5, T Evenness 8 5CRIUA A IH], i
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