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Effects of transgenic maize containing cryIAb and epsps gene C0030.3.5 on the abundance and diversity of soil
archaea

WANG Jing'?, WANG Rui'?, ZHU Ke'?, XIU Wei-ming?, ZHAO Jian-ning', YANG Dian-lin’, LI Gang", TIAN Xiu—ping"*
(1.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.College of Agronomy & Resources and Envi—
ronment, Tianjin Agricultural University, Tianjin 300384, China )

Abstract: In order to comprehensively understand the ecological safety of transgenic maize, soil samples were collected in 2015 at the joint—
ing, tassel, milky and ripening stage of transgenic maize containing cry/Ab and epsps gene C0030.3.5, and the effects of this maize on the
abundance and diversity of soil archaea were investigated by quantitative polymerase chain reaction and terminal restriction fragment length
polymorphism( T-RFLP ) analyses. The results indicated that the number of archaea in the rhizosphere and non-rhizosphere zones of trans—
genic maize containing crylAb and epsps gene C0030.3.5(TM ) and the parental maize DBN318(PM ) was between 1.41x10° and 4.04x10°

copies * g soil, and all showed the trend of initially increasing and then decreasing with growth stage progression. No significant difference
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was observed in the abundance of the archaeal 16S rRNA gene between TM and PM for the same growth stage and sampling area ( P>

0.05). A total of 15 terminal restriction fragments of different lengths were acquired by T—RFLP, and among these, the fragments with
lengths of 89 bp and 184 bp were derived from the dominant populations. For the same growth stage and sampling area, each dominant popu—
lation showed no significant difference between TM and PM (P>0.05). The Shannon index initially decreased, then increased and decreased
again, with the exception of the non—rhizosphere zone of PM, which showed an initial decrease followed by an increase. The Evenness index of
the rhizosphere of TM and PM initially decreased and then increased. However, in the non-rhizosphere zone of TM and PM, the Evenness in—
dex showed a decrease—increase—decrease trend. For both the Shannon and Evenness indices, there were no significant differences between
TM and PM for the same growth stage and sampling area. Redundancy analysis indicated significant correlations between total nitrogen and
nitrate—nitrogen and the composition of archaea. Principal component analysis indicated no significant separation between TM and PM in ei—
ther the rhizosphere or non—rhizosphere zone, suggesting that there was no significant difference in the composition of archaea between TM
and PM. In summary, no significant differences were found in the abundance and community structure of archaea between the transgenic

maize containing the crylAb and epsps genes and its parental maize. The abundance and diversity indices of archaea were mainly affected by

the growth stage of maize. Soil total nitrogen and nitrate—nitrogen were the key factors controlling the soil archaeal community.

Keywords:crylAb; epsps; transgenic maize; archaea; abundance; diversity
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Table 1 Basic soil physico—chemical properties in different growth stages of maize

ARl K BER Wb 7 R AW Ot KR
1 Total N/g-kg" NHi-N/mg-kg" NO>-N/mg-kg? Total Plg-kg"  Available P/mg-kg”  matter/g-kg”  Moisture/%

Gl ] PM  1.10£004c  0.39+0.17bcd  78.04%34.63a  0.73£0.02a 15.1242.84a 15.092.24bc  18.340.20b  7.97+0.02d

T  1.18%0.14c  0.17:0.03d  98.84x31.56a  0.58+0.09b 11.54+2.45ab 16.30£3.30bc  18.08+1.15b  7.92+0.13d

T PM  3.17+084ab  032+0.14cd  3.07+0.64b  0.80+0.02a 9.23+3.08hc 18.29£1.55abc  15.41£1.01c 8.27+0.09abc

TM  354:1.06ab  0.170.09d  3.63z0.65h  0.85:0.10a 10.52+334bc  20.45:325ab  14.48+0.56c 8.22+0.02c

M PM  409:0.69ab  087:020a  321:0.76b  0.76x0.11a 1.85:0.39d 2322+6.51a  12.08+1.12d 8.24+0.02bc

T  439:050a  059:0.14b  440«1.11b  0.80+0.03a 2.71£1.25d 20.60+2.58ab  11.61x0.37d 8.24x0.06hc

R PM  308:047b  061:001b  2.80+1.00b  0.83:0.08b 6.74£1.07c 17.25£1.89abe  20.90£0.69a  8.39+0.09a

TM  3.70:091ab  045:020bc  2.72+0.52h  0.80+0.04a 8.21+2.16bhc 13.35£3.30c  20.50+0.70a 8.35+0.03ab

FGJ ] PM 12740104  0.1740.09d  30.49+12.92h  0.770.15b 12.5625.97he 17.74+0.80bc 17.78+1.45ab 7.970.18c

TM  1.30£0.09d  0.390.10cd  54.76:16.21a  0.82+0.06ab 13.56+3.48b 16.61£251be  18.49+1.33a  7.91:0.04c

T PM 3110432  021:006d  9.042.14c  0.7320.13b 14.77£6.08b 20.87+4.45ab  16.11£1.35b 8.01x0.11hc

T™ 2132059  032:0.14d  747+034c  0.82+0.07ab 26.10£10.09a 24.02+4.83a  16.51:0.90b 7.97+0.08¢

M PM  277+057abc  1.09:041b  572£198c  0.77+0.10b 429£1.08¢ 17.76£0.93bc  11.13:0.72¢c  8.21x0.08a

TM  2312025bc  1.75:0.64a  10.09+321c  0.80+0.04ab 5.67+2.02bc 17.23+0.58bc  10.4120.83c 8.18+0.03ab

R PM  248:0.15abc  0.89+022hc  6.15:223c  0.97:0.07a 9.64+2.29hc 15.85+1.85hc  19.60+0.62a 8.27+0.0%

TM  2.87:043a  057+022bed  5.71x152c  0.81x0.12ab 13.2924.11be 15.17£3.57¢  19.67+0.75a  8.24x0.14a

T [FFA 7] P 3R F R AN A KRB L e AR AR IR - [] 22 53 (. 3 (P<0.05)

Note: Different letters in the same column indicate significant differences among rhizosphere and non—rhizosphere in different growth stages at P<0.05.
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dNTP(TaKaRa),0.4 pmol - L' " FiiF5(47,0.4 ¢- L
BSA(TaKaRa),1.25U f#] Go Taq™ Hot Start Polymerase
(Promga,USA ), DNA #iff 1.0 L, FH K KA E 25
R 50 WL, BEAFESL A 3 IRE R . PCR OV IE
oA R (NTC) o 43S FE AT NTC 4% 3 IRE A .
W3 WCEE MY 8 WiR-G Sk aife s R
il £ P VIR Taq I (TaKaRa) 65 CRE§FY] 3 h, J5IA
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T-RFLP %4k 73 B isf B A0 22 2 1 bp 5 7 B
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A S BT T-RELP 2047, Ra KT 10%11 T~
RFs izt i B OU PR A= Z A Shannon

REC(H )N Evenness $880(EH ) VM o 1A AXWT

H=-2PInP,

EH=H/InS
4. H & Shannon $5 %0 ; EH & Evenness $8%%:;S N
ANTE) Fr BE RS H P oS i 2% R BT AR (5 %R
SR L

Bt ) BV B R T SPSS 22.0 B R Jr 2241
Hr(One-Way ANOVA)K:ES , 7117 % 5 Hod% ( Duncan
12:),2 Ak FRA] 5 B HBCR TS REAS 1 ¢ K 5
(Independent—Samplet Test ), PCA 43#7% ] SPSS 22.0
BRI T FE s Origin 9.0 BRI . 338 B VR
G545 IR BT T SCHK ¢ &R ] RDA J5 i
(CANOCO for Windows 4.5.1) 4347, I W FH 52 55 R 1%
KB4 T B 23 M (P<0.05 ).,

2 BRESH

2.1 ¥ crylAb FA epsps EE EXK C0030.3.5 3f -y
16S TRNA EEEERFM

T B 168 rRNA JER 3= B2 (A8 fb an &l 1 i
7o PM AT TM BARBR - FIAEAR PR 1 & 16S rRNA JE
= B BE AR R 34 S ST R R AR A
PM ARBR A FEAEAR PR 4 T8 16S rRNA B = B2 Y
415k 2.12x10°~3.05%x10° copies g™ -+ Fll 1.64x10°~
4.04x10° copies*g™" + ,TM A3 fx + A1 AR br + 5 &
16S rRNA J [K] 3= BE 5 1 43 501 4 1.68x10°~3.74x10°
copies g™ 1 1.41x10°~3.29x10° copies+ g™ +, ik
(B BRAE S22, T e s (B T AEAR PR - s R AE
TSN , 1 IR SLG  AS 5] A A I 0] 30 iR
16S rRNA B[R 3= B ] /Y 12 Ve A R BT, PM AR BR +
TH 168 rRNA PR FEAE 4 A KR TG i 5 22
5 (P>0.05) ; PM EARPR 4 FLAUH T 16S rRNA SE[A
FRERE S TR SE A (P<0.05) , 5k 2=
SR (P>0.05), HAl 3 A~ A K ) 22 7oA B 3
(P>0.05); 5 PM AEARFRA-AHMEL, TM ARER - T4 16
rRNA JE[R] = B2 2L 3800 W 28 T4 A e 8T (P<
0.05), Sl HEN 22 5 A 2% (P>0.05)  (H Al A 2 2%

% 2 qPCR #1 T-RFLP 3|4p#0/ F &% 44
Table 2 Primers and conditions for gPCR and T-RFLP

5[#) Primers  J#41 5'-3'Sequences 5'-3’ J2 v 544 Thermal condition TR Product size W Application 22 Chik Reference
ARC344F ACGGGGYGCAGCAGGCGCGA 95 C 2 min;95 C 15,55 C 30 s, 550 b PCR [25]
ARC915R GTGCTCCCCCGCCAATTCCT 72 °C 30 s,30 MEH P 4

Ar109F ACKGCTCAGTAACACGT 95 °C 5 min;95 °C 305,52 C 45 s,
Ar915R GTGCTCCCCCGCCAATTCCT 72 °C 45 5,30 MEH ;72 °C 5 min 800 bp T-RFLP 26]

7 : Y=C/T;K=G/T.
Note: Y=C/T; K=G/T.
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Figure 1 Abundance changes of soil archaeal 16S rRNA gene
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DU EBFFT 45 R 5% eryIAb Fl epsps FE[R E oK
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RRFEE IR EE, HHNTE 16S rRNA SLHF 5
A T BLAZ B KA I AR RE A, 1T 52 3R SR
iR N

X -3 B 16S rRNA K[ F 5 5 - 5P LN 7
PEATHASCHE AT BT (3R 4), 45 R WoR T T 16S rRNA It
FHES AR GEREE A LR K IE A
O, 5 SR HAS A pH (B 5 FUR G (B AR
ERTE D O
2.2 ¥ crylAb F epsps BEEEK €0030.3.5 3 HiEH
BEE SN

T-RFLP 3% (B 2) s, AN A= K ik i 3 v
FLARAT 15 FASFH BB T-RFs, Hrr 89 bp XS
F£19.34%~30.28% ) Fil 184 bp (FH X} J&F 60.20% ~
T4.47% ) ) Fr B Fr QR R e -3 A
FIRE , BEAT A ARG 2 B2 (38 1 T HoAth T-RFs. PM AR B
17,89 bp J Br AR = B E fh A A AR (1 (19.58% )
PR W 5 (25.00% ) 5 184 bp i B AR 4= B Sl
ISR T W1 (67.21% ) , i A B 55 (74.47% ) . PM
JEMRBR A H, 89 bp 1 Bt i AH X = B fe AR B A e =
A L0 B0 e At 300 ( 19.349% ) Fk 15 W1 (27.72% ) 5 184
bp F B B AR X = 2 AR 3519 3 5 1K (63.67 % ) Fi it
W5 (71.80%) . TM ARFR -4, 89 bp K BE AT
JEB T 20% , FLAGH 1K (21.02% ), 419 1 5 =
(30.28%);184 bp Jr B AHXT F= YR T 60% , #517
W (60.2% ) , AW 5 (73.63% ) o T™M HEARER +
89 bp B AR = B4R 1T 1 (25.79% ) e v, SRR

#3 LEEEE 165 RNA EEFEREMESH
Table 3 Significant analysis of 16S rRNA gene abundance of soil archaea

H KM Growth stage

435 B 16S rRNA FERIFEFE 16S rRNA gene abundance of soil archaea/copies*g™ soil

PR+ GJ

JEHPR L FCJ

PM

™

PM

™

moE S —

2.13x10°+4.07x10°
2.94x10°+5.22x10°
3.05x10°+6.67x10°
2.12x10°+2.15x10°

1.96x10°+4.86x10*
2.99x10°+8.91x10°
3.74x10°+6.37x10°
1.68x10°+3.29x10*

1.96x10°£7.34x10*
2.96x10°+1.08x10*
4.04x10°£1.04x10°
1.64x10°£3.43x10*

1.89x10°+4.16x10*
3.29x10°+8.19x10°
2.70x10°+5.72x10%
1.41x10°+8.54x10*
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Table 4 Correlation coefficients for relationships between16S rRNA gene abundance of soil archaea and basic physico—chemical properties
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A Total N

NH;-N

Available P

BB

Organic matter

ok o i

Moisture

NO;-N

W 16S TRNA HE[F=EJF 16S rRNA gene abundance of archaea 0.072

-0.241  -0.006 0.049 0.253 0.144  -0.211
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Figure 2 Average relative abundance of T-RF's of soil archaeal 16S rRNA gene
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Table 5 Diversity index of soil archaeal 16S rRNA gene in different growth stages
Shannon F5 %% Shannon index Evenness 5% Evenness index
R St K Gl AL FGI Kb Gl A FGI
PM ™ PM PM ™ PM ™
J 1.03+0.08b 1.22+0.07b 1.17+0.29a 1.27£0.29a 0.41+0.04b 0.46+0.03a 0.51£0.10a 0.52+0.10a
T 0.99+0.11b 1.04+0.13¢ 1.14+£0.21a 1.17+0.19a 0.36+0.02b 0.42+0.08a 0.39+0.06a 0.40+0.04b
M 1.48+0.08a 1.50+0.01a 1.47+£0.04a 1.51+0.03a 0.48+0.02a 0.44+0.09a 0.51£0.04a 0.51+0.03a
R 1.46£0.05a 1.37£0.10ab 1.48+0.01a 1.49+0.15a 0.50+0.03a 0.47+0.04a 0.48+0.01a 0.49+0.02ab

TE - A ) B F0R KA TR A K ) 25 57 2 2% (P<0.05 )

Note: Different letters in the column indicate significant differences among the growth stages at P<0.05.
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Figure 3 PCA analysis of the composition of soil archaea
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Figure 4 RDA analysis of the composition of soil archaea
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