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Effects of Transgenlc Maize Wlth c:;yJAb and Epsps Genes €0030. 3. 5 on) the

Abundance ;and Communlty" Strxfcture of Soil Nltrogen -fixing Bacterla — __,-u
WANG Rui" 2: ZHU Ke'?, LI Cangl 1 ,/EIU Hulffen2 ", WANG Jing f‘ X1U Wei- -ming' , ZHAO-Jian- nmg "
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(1. égro—}invimnmen'tal Protection Institute, Ministry “of Agriculture, Tianjin “300191, China; 24 College of Agriculture and
Envirgnmental 'RéSources 'I.‘iaunjin Agriculture ;University , 'Fiiiﬁjj_nr‘g(l)o384, China)

Abstract ; “I’n order«to evaluate the potential risk of plzir;t.ing transgenic corn on soil nitrogen-fixing microorganisms, in 2015,
rhizosphére and non-rhizosphere soil samples were collected at the jointing stage, tassel stage, milky stage, and ripening stage, and the
effects of transgenic maize with the crylAb and epsps genes on the abundance and diversity of soil nitrogen-fixing bacteria were studied
by real-time quantitative PCR and T-RFLP. The results showed that the copy number of the diazotrophic nifHf gene in the rhizosphere
and non-rhizosphere soil of transgenic maize with the crylAb and epsps genes (C0030.3.5) and its parental maize (DBN318) showed
a trend where it first increased and then decrease with the growth stages, ranging between 2. 99 x 107 and 7. 02 x 107 copies-g™". The
abundance of the diazotrophic nifH gene in the rhizosphere soil and non-rhizosphere soil gene showed no significant difference between
TM and PM in the same growth stage (P >0.05). The correlation analysis showed that the abundance of the diazotrophic nifH gene
was positively correlated with the content of organic matter, but negatively correlated with water content. T-RFLP analysis yielded 14 T-
RFs of different lengths, and 43-bp and 155-bp fragments were the dominant population. The community composition of nitrogen-fixing
bacteria was the same as that of TM and PM in the rhizosphere soil and non-rhizosphere soil, and there was no significant difference
between the TM and PM populations in the same growth period (P >0.05). The Shannon index and Evenness index of the diazotrophic
nifH gene showed a trend where they first increased and then decreased with the growth period, and there was no significant difference
in the Shannon index and Evenness index in the same growth stage between the rhizosphere and non-rhizosphere soil samples. Principal
component analysis( PCA) indicated that the composition of nitrogen-fixing bacteria was not different between TM and PM. Redundancy
analysis (RDA) showed that soil ammonium, nitrogen, and pH were significantly correlated with composition of nitrogen-fixing
bacteria.

Key words:crylAb; epsps; transgenic maize; nifH gene; abundance; community structure
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HEH E K €0030, 305 (TM) B A ek JETHL R ok
DBN3 18 (PN AL Sy e e A RS b
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KA AP AT, TEEE N 5 m, e H DY A B
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40% , THATIIA , I A] 4 Y M PR E R T
FH AR, 2 BTt AR 2.

Sy BITFRAI6 A 28 H, J) ., dmEEDI(8 A 10
H, T), A28 A 31 H, M) g2 (9 H 28
H, R) REMPR A (G)) FEAERPR £ (FCG)) . MRPrt
FHEMRPR TR 4 7S W T SR HRE™ . s
AR PR [l — /N A AR B = R E AR PR 1 5300 78 3
IRA1RE A A BRSO o ff A oy 1] 522
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(H,0) FiE 2 Sk [ 24 1B ek, B4R, il
SRS B TSR s 7 A0 sE . e 45251
WICHR[25].
1.3 +HE DNA 423

FAET —70°C VKAE P Y AR & (AR PR - AR
MRBRA, 2 BEOR, 4 AMERTHY, 3 RER, 348
A HIERESL) , K PowerSoil™ Total DNA Isolation
5% & ( Mo Bio Laboratories, Solana Beach, CA,
USA) $2HU DNA, R FERLFREL 0. 25 ¢, $RHUE B
S Z UM 15, fRJa A 100 L ddH,0 BERL.
DNA R R 1. 0% BUIG A BEI L vk AT A 56
& H NanoDrop 43 Yt )¢ B i ( NanoDrop
Technologies, USA) il 72 ¥ &, DNA £ 5 17 fiff 78
—70°C vkAE .
1.4 JOEER PCR

nifH &R F B qPCR 347K H] SYBR Premix
Ex Tag™ ( Tli RNaseH Plus) ( TaKaRa) if 7| & T
Stratagene Mx3005P Real-Time PCR System J::Lﬁi
(PSR A P UL 1. RBEIR SR 25 L,
M 1.0 L 20 f55 B DNA BEAUIIANALH5/12. 5 plL

SYBR Premix Ex Taq Buffer, 0.5 pL LF(E’?%I%( 10_.‘

Mmol "L} N, 0 5 L ROX Reference dye I, ’9 Oi }LL
T4 gene 32 prqteln(S g-L™") (Roche) E@fiﬁ{{ﬁlﬂp ﬁH
X@@mo%EEﬂW$ﬁﬁuLuX@¢mo

YE R TCH A X] B8 (No Template Control, NTC), DNA
FESAINTC 45 3 WREEE. qPCR RV a2 dilke il
2:(60 ~95C, HHEM —WIREEIN0.5C). S
Stempfhuber 252 () J7 32 VR AR U £, SR FH 10 1%
LR B A BEE SR o PR BRI T qPCR (B
BRI 3 WHSR ) , nifH B A9 I RCRIE TR
86.2% ~87.5% ZIf], R* 4 1. 000.
1.5 RumBRi MR B B2 5% (T-RFLP)
e[ AN nifH LR 9 ZREVE > BT RH T-
RFLP Jrikittty, (RS MY 855k 2 1, H
o BN 1) Polk 1Y 5/ KImH] 6'-FAM ZGHRic. X
MAKZ U .50 pL i PCR W # H1k R 445 .5 x
Buffer 10.0 pL, MgCl, (25 mmol-L™') 3.0 pL,
dNTPs(2.5 wmol-L™" each) 2.0 pL, F FiF549
(10 wmol-L™') 4 2.0 uL, BSA (20 g-L")
(TaKaRa) 1.0 pL, GoTaq™ Hot Start Pol_yméfa{se(S
U-L™") (Promga, USA) 0.25 L, 1/0 pLBNAME Y
M, KB ddH,0 #M% 50 wL, A1 FEAR4S 3 1K
W, IR ddHLO b JEHEhxt I I3 R
2HY Tfiﬁ}t%(ﬁlﬁﬁ, H Wizard SV Gel', and PCR
Clean-UP System ﬁt G 21k Promega, USA ) ; %
@ﬂ@Wﬂ%HmmqmﬁwﬁT%ﬂ &ﬁ et
ﬁm%ﬁ%3h@%ﬂ#%ﬁiTi%TF(ﬁ@)
WA . /

-

3 PCRFEFﬁE’J%I% 5l F0 2 Bz £ 44

i‘". J.'“ — Table 1 aner %equen( es and reaction conditions used for PCR
519 & F# 5l T 7 ik
FPGH19 TACGGCAARGGTGGNATHG 95%C for 2 min; 95°C for 15 s, 55°C for 30 s, 72°C for 30 s PCR 127]
PolR 3 ATSGCCATCATYTCRCCGGA (plate read) , 35 cycles a
PolF TGCGAYCCSAARGCBGACTC 95°C for 5 min; 95°C for 30 s, 55°C for 30 s, 72°C for 30 s, 40 T-RFLP (28]
PolR ATSGCCATCATYTCRCCGGA cycles; 72°C for 5 min
1.6 FdlEatr T EEIRE R A OCEROC R, I 58 e R I A e

PRI P S T-RFLP g AH2E 1 bp AN
Bt H N 6 — T-RF'®', T-RF F FF ( relative
abundance, R,) FAIXTIE(E LR POl R R, /N
?ﬂ%%TR&Jﬁﬁ?w%MTR&%ﬁﬁ%%
MR . A=) Z AR H Shannon 850 (H) 1
Evenness 1584 ( EH) #-4r.

K SPSS 22. 0 AT 48T b, 241 Ab HRl i
2R AT R B R 5 22 430 7 ( Duncan 46 56 ) 15
HEATLRRE, T A A B ) ) Al L R i S AR A 1)
1 K56, PCA 43 MR SPSS 22. 0 # bk, ALK
K H Origin 9.0 2. K H CANOCO for Windows
4.5. 1 BTCAR i e 1 3 8 A E Vs 45 5

T EMEDH (P <0.05).
2 BERE54HH

2.1  IEERANR nifH FER B qPCR 28T
I FAN A nifH 55 E A& 1 R,
HARER L 2RA BRI R AT nafH HE P R
[~ 3. 86 x 107 ~5.50 x 107 Copies'g_l , LR R
KB AN B nifH FE=E BEYE Y 3. 42 x 107 ~7. 02
x 107 copies-g " AR R £ 354 FOK & 2 40
nifH FE R 3= B2 5 1 43 00 R 3.42 x 107 ~ 6.07
IR T K [ AN nifH JE R
TG H 2.99 x 107 ~5.36 x 107 copies-g™'. WBEME

107 copies-g ',
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LS dip
E1 AREKNHTREBERER nifH BEERFETN
Fig. 1 Abundance changes of the soil diazotrophic nifH

gene in different growth stages

®2 TEERAE nfH EEFERZESN

Table 2 Significant analysis of abundance of the soil diazotrophic nifH gene

0.05), AEARBR LAY A 45 R SR BR T AHR]. JEA
T KN I R T K AR PR - AAEAR PR 4 R A0 nafH
FEPR = B i A A s A AR B2 S T R S BRI Y AR Ak
HAB(BRIEA TKRARBR 1) .

HiZe2 0L, PM AR PRt [ RN B nafH BER 7
TERR S BN SE I & T M, T et 5 A L A
B, BEREARBE(P>0.05), dEHRER+85Hr4Es
REMPR - FEA —Z (BRFLUY PM & T TM), PM
5 TM [ RN B E (P >0.05). [FE & H[E—
ot T 2K [] — A= K s A AR B = TR AR B - 1 2040
nifH SR FBE R TC B 2557 (P >0.05).

DL B o a5 B erylAb Fl epsps FE R 2K
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Table 3 Correlation coefficients for relationships between nifH gene abundance and basic physicochemical properties of soil

WA BA B HA A B K HHLBT pH
it 0.439* -0.057 -0.077 0.270 -0.128 0.744 -0.036
JEARFR £ 0.192 0. 066 -0.279 0.076 -0.178 0. 454 * -0.026

1) = FRP<0.05; = =F/RP<0.01
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Table 4  Diversity index of soil nitrogen-fixing bacteria in different growth stages

Wi H Shannon 5 %% Evenness T8
) HRFR 1 JEMR PR+ PRt EAR PR+
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