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Effect of genetically modified wheat with GmDREBI gene on intestinal microflora in SD rats
ZHANG Min, ZHUO Qin, GONG Zhao-long, PIAO Jian-hua, YANG Xiao-guang
(Key Laboratory of Trace Element Nutrition, National Health and Family Planning Commission, National

Institute for Nutrition and Health Chinese Center for Disease Control and Prevention, Beijing 100050, China)

Abstract; Objective To observe the effect of the genetically modified wheat harboring GmDREBI gene on intestinal
microflora in sprague dawley (SD) rats. Methods Based on gender and weight, sixty SD rats were randomly divided into
three groups: genetically modified (GM) wheat group ( group A), non-GM wheat group (group B) and AIN-93 control group
(group C). They were fed for 12 months. Feces samples were collected during the experiment period. Culture of fecal flora
and denaturing gradient gel electrophoresis were used to investigate the bacterial profiles of the three groups. Results

Compared with pre-experiment, the number of Bifidobacterium and Lactobacillus of group A and B increased significantly,
which was significantly higher than those of group C (P <0.05). There were no significant differences between group A and
group B in the number of the five feces flora, bands and Shannon’s index (P >0.05). UPGMA cluster analysis indicated that
group A and group B showed a high degree of similarity. Conclusion It was concluded that the genetically modified wheat

with GmDREBI gene had no detrimental effects on the intestinal microflora in SD rats.
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BARE— B B4R S 7Y AP v (B 3R IR
JEAR K e s K7 RE 6 5 i X I 3l 5 X3 e 19 T =X
YETCM R 2 6 W5 518 5 S T irhr i
I 9 D1 E 56 I8 3% 08 R /R . Yamaguchi-
Shinozaki 45" 78 43 AU R I rd29A JE IR )53 3 7 i
IR KRBT P50 B B K B oo (DRE, dehydration
responsive element) #%.00 741, JF kIl 2] 5 DRE 454
A B R, BB K N & Je R 45 5 & L (DREB,
dehydration responsive element binding) %% 5% [ .
DREB J& % s A 7~ AE % 15 470 30 5 X 3 1 X 38 b £
DRE i AEH e 45 G, 25 T 5 L £ 55 b 3a 1
G IR S SR BB E L ASBIE S S P Y A
PRAC 5% /0N A2 2 ) P 390 0 s -3 45 Tl i S W (RT-PCR)
FENKGH 8 T GmDREBI JE A, 38 iof K AR
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B AV 2 2P iR R 5507 . AR PR+
TR IR TR b — L R ST 0y SR A b Ak 2k TR Ak
R PEDF T AR VTR AL A BIR R BT B R i — 20
SEH T L AR A PR IR RS
IR R RS Ea T R R O Sk
O A JUAS T T VA B R DR £ 2 e

THALE S LA 5 Ah SRR Y B 28 E, 2 3h W)
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FEERH Y ABER T L R G0 5 3L I8 1 A % 4
PEA Sh it 56 3 AR b e i bR o B R R B A
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18 22 4 P A AR A TE A

—MAE LT, T N RS B 3R A T2 AR
PR A AE A RE W AR W 1 N R R AR L, FEEAE R
PUA B A8 R 55 90, A Tt 3h 25 | &) B e s
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HILVA i 38 Ak B 1 B o A B T R S 30 12
N LS S L DR S U i L R e )
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1 HRE5FZE
L1 K
L1135 /INAZ K ) Ak e )

AR 5 & 9 5% GmDREBI F: M 1 5 /N %
MG349 (% GmDREBI J& [ 1 5 /N 4 15 32 75 o 451
TF IR G i 85 HL A VM T 2k FH I B0 /N 22 T349 ]
—k &), M RT-PCR 7y N K4 T
GmDREBI B:[H (3£ 525 bp) , M 45 11 AR 45 % 35
V22 19 1B R e A 2 A, ) 3 K AR s ¥ GmDREBI
ST AT MM IR TSR
INZZ o WG FERNFE MG349 5 EAR/NFE WA 19, |
Hh [ R B2 B AR 4 Bl 4 BF 5 T 4R AL, RO T L0 R
A4 T T A e R e (0 A 4 S 5 T e bR 4%
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3 2] T ko3 ) Ay B R DR /N 2 A A L S AR N 22 4L AR
BE AIN-93 XiF 18 4 # FEILRIARRL . 358 I 4R 09 A 13
JA LA R B A KR E T I AIN-93G i 77 b &
HEC ] Ak, 13 J8 DAJS 0 A AIN-93 M. i Jy ik 4 74 sk
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SPF ¢4 WL (5 Jal %) SD R B, MR L) 12 1,
)i i 60 ~ 80 g, 4 [ b 5T 4 3 Il 46 52 5 3h 4 4 R
A FBR2 A [ 17 AT IE % : SCXK ( 5T) 2012-0001 ], 45 ##
T [ TR A ) G B ) S8 [ TR S
SYXK ( 51)2009-0032 ] , % 7 20 ~23 C , H 4  5E Hy
40% ~60% /e WG 52 & I 18] 10/14 b, Zh4) A1
NG T H SRR RS I 1 FA 5, EL 60 FUfEE K
B, FE M AR BT SR BEAIL 3y 3 4H B R NAZ 2H (A
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1), B 20 HHEMES R 2 B8, R AH B Y 1R
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BBL }; % J& | MRS 1 57 & \EMB 85 SR 3k & A
B -4 b 5 L B IR AR L TSC B SR AR I B b
Rli 15 $ AR B3 A BR > 7], PCR Marker [ MD113, K AR
AR (L 50) A BRZ2 R ], DNA S B & (56
[£ Mo-Bio) , PCR Buffer,dNTP Mixture ., Tag DNA %
BRI AR E TR TRARA
L2 I
2.1 KRS A

UL AL LG IR RO TR AR 0 R (4
TR B AR ) A 14 K 5 52 J8, 23 i oA R
ERREME(HHRRAKEL0gFEMHE) T2h N
Ko FEMEE T O AR B AR AT BB BR A TR K
WA BRI TR R R, ] 9
FR9 2 Tl T TR BTN AT B, A T s Ik 7 A% LR, T
GRRAD S SRR, e R 10 TR R, 1R Stk
710 fERREE 1077,

AP R 8 I FL UK« B A A — Ml BE P B
5 HOREL, TialSess 13 Ja V56 52 J8 20 0 o B R 4 K
BFEME (B LRI 1.0 g 64 ) . RMEE T
5 ml K GRAFE T, IF L 20 8 T - 80 °C kA {17
.
1.2.2 PARIRAG B R 5 1 T8

H g B T IR e 4 4 D I EUR R, RS
T 2% W IR 20l , 73 J31) i b 22 4% e 5 1 0 3R O, A
AT R PEAE IS F-AT , W T8 T A 5 5 0 HH 0 B 7 Ak
Lo BEFR A DL 1o e JBUTAT v W I L 20 10 R 1 A
FERETT R, SR J B 5 i g 2 08 P A A0 R A K
(cfu/g) :20 wl XL x 50 pl > F B &L =
B/ (B :cfu/g) o

1 REFEE R IR 07 5

Table 1  Culture methods of fecal flora of SD rats
o ) 4 A B e Yis
XU T B BBL 1% 3% 5 37 C (48 £2)h REA I F
FLIT MRS ;57 He 37 °C (48 £2)h FEHEIRA
B¢
Ji FF EMB % 37 3 37 C (24 +2)h 5 %
o Bk B RN L -t 37 °C (48 +2)h
EREE Y K%
TR FEER A TSC }i 57 ik 37 °C (24 £2)h JREHFF

1.2.3  Z&fH & DNA ({2 H

T B S A 1AE  24 DNA 2 BUCR AR R & 1,
PRAE D PR F R O B BT B 3R AT, T 1% B NG W B
F, KRS T 264 3 DNA () 32 BUSUR |
1.2.4 47 16S rDNA V3 [X A Bty PCR ¥ 14

W $ B 258 5 DNA fE & PCR Jz B A5 A, 4R
5 16S rDNA V3 X [ FE X 7 41 % 1+ 40 e e S Ve 5 1
#AT PCR Y1, 1WA £ 8% YA 6 G,
5l % )% % W F. 338F: 5'-ACTCCTACGGGA

GGCAGCAG-3";534R;5'-CGCCCGCCGCGCGCGGCG
GGCGGGGCGGGGGCACGGGGGE (ATTACCGCG GC
TGCTGG)-3', PCR B & W K & K 50 ul, f 45
5.0 I 10 x PCR Buffer, 4.0 pl dANTP Mixture
(2.5 mmol/L), I, FI#E5I ¥ (20 pmol/L) £
1.0 pl,1.0 pl BHZ DNA,0.5 ul Tag DNA B4 fiff
(5 U/pl),37.5 ul ddH,0, PCR ¥} 2% :94 °C Hi
A5 PE 10 min;94 CAS 1 min, 55 “CiE & 1 min( f4
TEFRREAR 0.1 °C),72 CIEf 1.5 min, JFFF 35 K
HeJi 72 CHEAR 10 ming 1% Byt I M 58 Ji v Uk 3
By R L EE Y SR AT OLER E RUR
1.2.5 7z VEA B2 ok Jise vl K

DGGE i F 1) 2% V3 #i Tk e 858 e vk & 4 10% , 7%
PERBEE N 40% ~60% , ML Uk 554K 65 V,16 h, H
VKA G, R AR G R A7 e £, 5 €8 5 Ti0 A B I A
BALC P LEE A B, 15 5] DGGE & 3%

1.3 geit2eabr

P T S 1 B v 2 b Y TR, SRR U
TG AL B0, B0 LA B £ A 25 (2 25) R, A
li) 22 5 FH B0 IR 28 5 25 40 B 09 O 1k 0 AT B0 43 Ao
25 I A JE R G TR Y S Ak 0 bR D
XF o K5y o K AE 4> AR A SPSS 20. 0 43 A B A AT
3L P <0.05 BZEF AT E L,

F Quantity One %73 B 844 XF DGGE [ 3 ik
P01 Z M50 BT I B DA 0 = A ifE 22 (v =
s) 227N B 43 BT ok B SPSS 20. 0 43 B Bk 14 i AT Ak
B, Horp, FE 5 B (richness, S) : DGGE [ % 4 45 Uk
TE [ 550 8 Z AR 45 2 (Shannon’s $5 %, HY) « L Bt
TR ZFEME JH = =3P, xInP, P, H5 i 4570 (1
6B 5% Bk T T A A O B R e
FH Quantity One 3K {4 X} DGGE 4% % . 545 o1 & %
SRR B AT B AG 43 BT, BRAS B 4 B AR 4l 5K
Fhir 45 4, R A I ASUC X 5807 35 (UPGMA) % 147
BRI, VLo A AR LM A (%) = AL
PEFUE x 100%

2 #R
2.1 TEBHE GRS IR BRI 1 R AR 1k
KR BRI A L3R 2, = ks
FEIT B & SR, 7= ROIE AR TR 1 B B b,
TG MR R G
2,11 2 (AR AEECE Y L8R
T 0 T M R R3S oh UL AT L FLAT
LN ZLREIN R R 6 =3 N R W a8 ¥
M (P >0.05), WFKXE AR 14 K5, A B 411
PE R A B3 v OBUIEL R R L FLAT R B Y
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Table 2 Number of normal flora from fresh dejection of rats in each group
- g A ﬁ’%‘oi £t 14.36 5»’%‘52.)%1 14 7?503% 52 J 'ﬁ 4% 52 JﬁJh'ﬁO%
/H /(log cfu/g) /(log cfu/g) /(log cfu/g) teig P 1A e P A i P{E
A 10 9.97 £0.28 11.17 £0. 182 10. 65 0. 242 0. 000 * 0.001 * 0. 002 *
I B 10 9.63 +0.26 11.17 £0. 122 9.99 +0. 63° 0. 000 * 0.002 * 0. 181
C 10 9.85+0.28 9.45 +0.31 8.12 +£0.26 0.153 0. 000 * 0. 000 *
LI T T " .
A 10 9.81+0.23 11.04 +0. 22> 10.43 +0. 612 0. 000 * 0.023* 0. 008 *
e B 10 9.70 £0. 17 10. 90 +0. 282 9.51 +1.44 0. 000 * 0.032" 0. 692
C 10 9.59 +0.23 9.47 +0. 46 8.60 £0.76 0.413 0.036 " 0. 005 *
A 10 9.91 +0.43 11.18 +0. 202 10.78 0. 18> 0. 000 * 0. 000 * 0. 000 *
it B 10 9.71 £0.26 11.09 0. 172 10.27 +0. 572 0. 000 * 0.007 * 0. 056
I C 10 9.81 0. 41 9.50 =0. 09 8.42 =0. 46 0.129 0.001* 0.001 *
AfFH A 10 9.73 0. 32 11.06 0. 272 10. 46 £0. 77> 0. 000 * 0.058 0.017*
Wi B 10 9.55+0.29 10. 89 +0. 302 9.29 +1.62 0. 000 * 0.019* 0. 685
C 10 9.55 +0.27 9.31+0.25 8. 64 =0.72 0. 064 0.031* 0.013"
A 10 5.88 £0.55 6.50 0. 72 6.12 £0.93 0. 092 0.557 0. 694
i3 O 10 5.25 +0. 60 6.17 +0.79 6. 14 +0. 60 0. 009 * 0. 546 0.042 "
i C 10 5.39 £0.69 6.81 0. 81 5.98 £0.96 0. 003 * 0.128 0.311
BitH A 10 5.24 0. 49 5.56 1. 02"? 6.03 +0.56 0.294 0. 169 0. 004 *
Mt B 10 5.55+0.58 6.83 +0.71 6.44 +1.10 0.001 * 0. 622 0.201
C 10 5.39 +0.51 6.48 +0.99 5.91 0. 67 0. 006 * 0.131 0. 689
A 10 5.91 +0.57 7.06 +0.53 6.29 +0. 47 0.001 * 0.008 * 0.118
Mt B 10 5.45 +0.29 6.42 +0.58 5.85 +0.36 0. 000 * 0.004 * 0. 094
. C 10 5.93 0. 56 7.28 +0. 42 6.08 +0. 40 0. 000 * 0.001* 0.478
BHM A 10 5.57 £0.52 7.14 £0.54 5.47 +0.23 0. 000 * 0. 000 * 0. 799
it B 10 5.66 0. 57 6.75 +0.38 5.60 £0. 54 0.001 " 0.003 " 0.555
C 10 5.81 0. 42 7.13 20. 47 5.90 +0. 76 0. 000 * 0. 005 * 0.731

E:1 NS BAHLE P<0.05:2 85 CAILE P<0.05; « FRLEHTE A & AL P <0.05

T C 4, A H MM R BB ZE P I F R & T B
CH , ¥ESFAFRITFEX(P<0.05), W52
S, AL B L ME M DR B ZE A v LB AT T L LT TR Y
By T C 4, B 2 M R RS0 b ST I 3L
R RS T CAH, WERFARITFEL(P <
0.05) ; I FF 1 7 Bk v i i 45 4 2 I 22 = T4 it 2
BEX(P>0.05), %2,
2. 1.2 I HT S R AR R AR 1L

R 14 R5IRKBATH A B 41050 J5 M |
PE R B b DU AT B8 FLAT A 3, 22 S A 40
H#EE (P <0.01) ;B C 4 eV 1 K B FEfiE
T R R e = 20 R T R R AR A A et e
(P <0.01), MEFES52 J& 5MEFE 14 RAH G, i 50 25
DR A e — 20 R BRZEAEE T BB AT LA TR
BRAEECR D, 25 A Gt & L (P <0.05) ;1
PE MEPE =20 R BRI v AT TR A AR A Ak 25 R TE S
TR (P >0.05) , MEFE 52 Ji S5ilgmimH i, A 4
TP O R R 28 Ao o DL AT T L R R B i T
WRHT, ZF A G L (P <0.05) ;C 4 Mt
PER BRZEAE b AT IR FLR W8 T %, 2 R A4
TH#RE (P <0.05) ;B 21 A R BREEAH rh SUBC AT 78T
FURWE & &S TIREA, 2R ARITFEL(P<
0.05) ;25 4 A Bk i AU 5 B0 i At , 22 = RS 12
HX(P>0.05), W% 2,

2.2 AR B R A ik BT 5 1 R A AR Al
2.2.1  ZFEEEEHE 16S rDNA V3 [X F B PCR § 1545

DA B 5 FE K/ INAZ A A /INAZ 4 AIN-93 X i
20 K R A B A 5. DNA S AEA 7 488 H AR 7 Y 16S
rDNA V3 F Bt (K/hh 200 ~300 bp) , H 1% 355 b k¢
JEH TR AG DN 1 455, 55 13 ] PCR 473 Ha bk 45 2R DL 5]
1o T R ZEAERE S 3 0 B 09 A B, Uk Tk I

1 23 45 6 7 8 91 11 2 134I5M

€—200 bp

A
123 45 6 78 9101 213 1415M

200 bp

B
A PR B MEME R BL;1 ~ 5 AIN-93 XFHRZH 36 ~ 10 A /N4 5
11 ~15 LK /NAZ 2 ;M . PCR Marker( [ Fifii 1) 43514 :100,200,
300,400,500,700,1 000,1 600,2 000,5 000,8 000,10 000 bp

BT 513 SRR ZEEARA Y PCR P38 45 2R

Figure 1 PCR products of 16S rDNA V3 region of rats at 13 weeks
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WA AR PR S5 , S e 9 IR R4
2.2.2 DGGE Ei&4#r

B2 %5 13 J8 V5% 52 J8 KB 2& i & DNA (1
DGGE Hi ¥ 45 5, Bt A [ Ay 2% 0 3% o F 1) b
J5, 2R I K B 5 55 SR e T Ak T AR 2 TR R 1 4

SEMy, ¥

] 2 3 45 67 8 9 10 11 12 13

C

2.2.3  JpiE R EER Z RSB

223 WoR, 5 13 B A 2 MM K B 8 R
FEEMRTBA, ZRA%1TFE X (P<0.05);
PR K B B T B - B S A e B = 2 ]
ZRLFEITFE L (P>0.05), 5 52 J& A 4
HRERBERBEN SRS T CAd, 2748
Geit 2B L (P <0.05) 5 Mt K B 18 R RE 3 &
MEFWRRHB "HZREZRLHITEZE L (P>
0.05) .

14 15

W ZA, 513 S MM K R AR UK E SR
BUOAE 22 ~ 27 S22 00), P R BRURE SR DK A 1Y A5 B0
IR 20 ~25 4, 55 52 JA 45 b, Mk K BRUB 45k
A RUE 18 ~ 22 S5 Z 0], Ml K B A AR Uk 38 1Y) 5%
WRGE BN 25 ~30 4.

‘. A‘lr,}

2 3 4 8§ 9 10 11 12 13 14 15

D
TE A K 13 JRIHEE R B B 45 13 JIMERE R L5 C 58 52 R MEME R Bl s D - 4 52 JIMEME R il s 1 ~ 5 AIN-93 X 41 5
6 ~10: KA /NELL ;11 ~ 15 FRE /N A4
2 REFEMEIRAR DCCE K%
Figure 2 DGGE profiles from fecal samples of rats

3 ORBIE R R Z R T (2 =)
Table 3 Diversity indices calculates from the DGGE profiles

21 5 w13 52 )
FEE(S) ZHMRE(T) FEREES) ZHMERET)
etk A 23.4x1.5" 2.764£0.467 20.8+1.0 4.290 0. 194
B 26.2+0.4 3.207+0.148 18.2 1.3 4.326 0. 190
C 23.2£2.2 2.84520.190 18.8 £1.6 3.993 +0.276
Wit A 24.0£3.9  3.37520.274 26.4x1.1 4.227 +0.294°
B 21.2+2.2 3.45220.146 27.8+1.7 3.944 +0.176
C 25.8+2.4 3.21220.081 25.6%0.5 3.578 +0.447
H:l A5 BAK P<0.05;2 75 C 44 P <0.05
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2.2.4 R BRZEAE IR

B3R5 13 JAFNSS 52 J8 e M R B S i
¥/ DGGE 32 UPGMA B Hrmy4E 5 . 45 13
JEL P DR B 28 {5 AT A ) 2R SIS 0 T 4 R L B S 4
S, AIN-93 X B L BRyKGE 3 (0 2808 Ar AR 4h, 40 8 1%
HE ORI AR 25, 35 5 93% L b5 fi) M 5 5L PR /N
Y Ko SR AR /N7 20 R BR8] 1) A B M 55 e (B
VKB 11 2 AEhR AL ), M2t 85% , 4 [a] & Hh 81
RS B 13RI ME M R RS A A A R 2R A b 4
T Ry 57 2%, oA DR ] W ek i AN T) i s R B

Cl A
a1
|

Cs

1.00 0.91 0.83 0.74 0.65
AR S

073 059 045
AR SUE

5
Cl12 —’_‘

AN TR ik B A B A ] A7 A 28 X, 45 bR A 1 AR AL
PER R A 68% DL b 5 52 JELMEME KRR 2
FERY R AT S5 H Won |, AN a4k #4240 0% 41 I8 1 1
FRARL PR 35 5, e BE R /N2 4 SR AR /N2 4 L AIN-93 X
S A A 1 21 P AR U 3 00 5 T 90% .86% 88%
A A BR A (1) 4 )AL Rk 80% , 55 41 N AH B
PEREE . 55 52 JR MM R B3 A TR BE 1) 3R 28 00 Hr 45
G 13 JRMEME R RS R LN A 5 ok
AR /N A AR AR [ A AE 8 S, BRVKGE 9 AR AR AL, 4%
P A B AR UM X 7 88 % LA I

cl

c2
C4 ]
C3
C6

100 0.92 0.84 0.76 0.68
AR

C10 |
c7
C9 r T T T 1,
100 093 035 077 070
A B fE

A 13 JEMEE R B3 13 JE MM R C 56 52 JEMEME R BL; D2 55 52 JEIMEME KRR ; C1 ~ €5 AIN-93 Xt R4l ,
C6 ~Cl10: 35 A /NEH ,C11 ~ C15  FEFL R /NFE 21
E 3 KRZEFRA DGGE [E 3 B 204 45 51

Figure 3 Cluster analysis for similarity coefficients from fecal samples of rats

3 Wig

FAT , KB 90 R M IR 18006 2 e B0 1A %
RN E LN ITEZ —o WEILA AR
MRIR 90 K Jm AH 4 TR SR 7 A7 40, 1A B ] 4 B2 A
JE LU 5 ) 4 5 TN £ 5 X Bl A K 0
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