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Abstract

The tolerant responses to drought stress in IrrE-transgenic Brassica napus L. and non-transgenic
Brassica napus L. were studied. The results showed that water content in IrrE-transgenic and
non-transgenic leaves of rapeseed gradually decreased with the drop of soil water content in pots
during 0 - 35 d and their contents reached the minimum value after 35 d under natural drought
conditions and then increased gradually after the restoration of water supply. The content of
chlorophyll, soluble protein and malondialdehyde (MDA), and the SOD and POD activity in leaves
of Brassica napus L. were increased gradually during 0 - 35 d and their contents reached the
maximal value after 35 d under natural drought conditions and then decreased gradually after the
restoration of water supply. But the water content, chlorophyll content, soluble protein content
and the activity of peroxidase (POD) and superoxide dismutase (SOD) in leaves of transgenic Bras-
sica napus L were higher than those in non-transgenic Brassica napus L., while the content of ma-
lonaldehyde (MDA) in transgenic Brassica napus L. was lower than non-transgenic Brassica napus
L. during O - 35 d under drought stress and the restoration of water supply. Therefore, the results
from above indicated that IrrE as the transcription regulation factor, which was derived from the
radiation resistant bacteria, was involved in the tolerance response of rape seedling to drought
stress, and then enhanced the ability of drought tolerance.
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A IrrER R SR ER R EMEAME, EERTREEAHT, WERHA T HERSIEREEF WA
TR 2B, SRRP, 7£0-35 dEARTRBERT, BEALP LB KENZHEK, #%
HEFN 5L ERMSEERNH - SKERWC)RZE TR, 35 dSMIH & KERIIRIK, MEMKE,
HEBWZEE L. MW FHHERSE. TANHEQSE. W_B(MDA)FE. SODFIPODEFE
HAZE A, KEEKE, MRS ENENSESYZRE FE, EETREMaNEKERES, BERM
EHANESKE HEESE. TENEASE. SODMPODEFE MY B T I EE WL, TN B (MDA)
SEBAMTIEXRERNNSE. RPRETHENSTRANERFTNEFITE, 25 7T HESEN T2
3B T 2 P A LR, TSR TR R TT .

KR
FERUE, HIrEERHERNE, HRE, TALES, B, AR

][/

1. 3]

TR AE ) A KA EY = 0 E B R T [1] [2]. BaAhTh, 2ERA 45% 0L b ok F 1 sz 2+
FHIm[3], RIEVR = BRI S R T Regm TEMREAEKKE, SEEYIERNKE—FR
FUR A B AE A S N, 7 B I AT A AL A e R A 7 . - R X VR S 2 2 7 TH K, AT LRI
A A A, FEFHESA T RZHFE AR PR B AT T HBIRAIRE, 53]
TR TR, X K4, JKFE[S] KE[6] /NE[7] [8]v FRAE[9]. H #1015 /W4T T Lt 4
PR IR T . FEPUFPERT T T L i) T R 56 2 2 N LiH i+ 5 8eR M PEG Bi#E T 7=,
TR . B R B AL A B AT [11]-[13]. HAEMSEPTR I AR, /2R PEG EHF 21007
AT, TR N CEE T 5500 T AT BB SR L

H W A S (Brassica napus L.)J& et =gy, At EsEErmeHEY 2 —, P E
B RMEMEY . (2, REMSEAE RERE KA R R AT HrEE . EERENEE,
FEUm S B TR FE[14] [15], AR &I 1 S i A P2 R R e o IrrE ik DR S T i 55 3 BR T
(Deinococcus radiodurans) 4 iAER -, 25 7THERRKIEREERE, SHbampi, e, s
W A5 SIS VIO [16]. FRATRTHI LR, 1rrE FEPRE K IAAT 1 o S8 2L e 12 = s vk 1Y
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fRIH %

AP LA H SRR AR DD, R TR A g ER . B E DL B R I R T K
IrrE BRI NG R, 4 R R B R SR M PR R 5 75 350 mmo/L NaCl &b#E R 6 J& Ji5 1B # JFARgs 58, i
SXof HE Al 2 35 DRI SRAB AR AE AR R AL B 2 JR SR BT [17]0 AT 7T AR IrrE JERIIMSE To UM RCARIEA R, B
ARFE R SR R O R, I HAR TR 7 b HE 0. 14, 21, 28 M35 d, REEK, WITEBART
FIE R IrrE FE R SR 0E S SRR AR AR A AR, O TrrE SRR FE SR o B 9 B A

2. HRIFNTTIE
2.1. M8

ISR B 155 2K, o s O DU N 45 B P R R R AR s ] o 10 3RS P4 R R A AR
W, HHERRUONTOE . B Y SR T O AR S SR DR AF IS IrrE T S R vl S AN AR R S R
TR (8 B A P AN 7 P AR 8410018, BRI 1K A A% S 06 = AR

22. MRMESIEST

IEHURFRLIHE . R/NSAT . TON HUE 1FE IrrE ZERVEER T, H 75% LR 30 s, 2% NaClO
WIRR D 8~10 min, JCHE/KIMEE 5~6 K. Wik 12 h J5, BT 25 CHMaEEFRFE UK 24 h, FHZEEKE
Dedf RAIFF 2~3 . Wi R —BUM PR IETER A ORI A SR & at, % FIEE1 1/4 Hoagland
IR, BTHSEREER0Q5+1)C, R 12h, FERANEE IR 2 K. FE4hm KBy, $REUH
J DNA AT R PCR %58 FlISEi i€ & PCR Rrill, FH %@ B PERE R EAT IS 225000 . SRIRT, 7E&A
WP ENGERERL(EE L RE Y =2:1), EFEKRER, KH 500 1 ARk S 143
Tl T Dyt 5 IR ) PH M R R RS AR B[R] — AN R, 3k 30 IRE S . WMV B — BE ), (LA AR T
IEEAEK, fKE 6~8 R, Zi—REKsS, DUGARBIK, Rl ER. WERMHAHLLE F 4w mE
KAFL, FRET R A FEIR A RR-7730M  -F 3800 5 113047 -39 5 /K (0 52 BR B 1 AT AH AR b
(R 7 [18]

2.3. HREM&KERNE

HFr A 2 7K B (RWC) [ e K F A B VL [19], FREUVEYIMBE, REoRAR mEEE W, KRR IEAEK
24 h 5, BETIRREKS, FEHFFRERME W, &EHTFE 105°CR_H 15 min, 80°CHt#{HH,
FEHFR AR T HE Weo M AR S /KEH LN AR A& K E %) = (We — We)/(W, — W) X
100%.

24 HERSENE

KHVR S (NER:TCK OB = 2:1)RA&ESU 23K [20], FREC 0.1 g fEPmt v, BUREHLL)S, TN
A 20 mBEWRM =M, %, 4CELNE, R a2 A DRGNS, WlE 0D663
1 OD645, UL T ARIHHEM SRR & & HEE LS E(mg/g) = (20.2 x A645 +8.02 x A663)V/1000 x W,
o VONTREGREAAARRN ;s WO i

25. HRHAAMERRSENNE

AIVEVESR R 2 D 2 i G250 VA€ [21]
2.6. HAA—BREEANE

N I (MDA) & R IR B2 BRA DI 2 [21]



fRIH %

2.7. FAEEREIERE

FREL 2 g fEAN By, BT H0A B b, I/ & A JER A T4 1) 4 mL 50 mmol/L % & 2% itk (pH
{8 7.0, & 1% PVP.0.1%3%i 5 415) T-UKift EEE e A) 3, A% N 6 mL T B0, T 4°C.13,000%g
B0 10 min, OB BSOS BEE TR 1.5 mL B0 EF, R T-20C %

2.8. A MLERTEEAIET

A AL (peroxidase, POD)YE R FH @ BIAREYE[9], LARES3EF ODgyo 224K 0.01 Jy—ANEEIE M S A7
(U/(g-protein-min)); 4 ALYEAk B (superoxide dismutase, SOD)3F 14515 FH 0% PUME(NBT):[10], LA
) NBT il R 50% (1 Jy— AN P BLA7 (Ul (g-protein-min)); i %1k S i (Catalase, CAT)IH A8 MK
H,0, #%[11] [12], BL 25°CF 100 s W 7E/ AR R T 70 50% Ho0, HY M & 1F Dy — 4> Mg i 1 5 4ir
(U/(g-protein-min)).

3. &ERENH
3.1. # IrrE EEAMEHNEE

FH 5k 3R 1R 77 S 3R BOK 7 FT 1 (Escherichia coli) IrrE-DHSe H 5 4 DNA 1E 9 PCR 37 $8 f BH 14 %6F
HE DAAEREFE DR 1) DNA Y BPEXT R 4738 SO R i 514008 . EiiF CAACGTCATCCTCATCAACTC:
T TCCACCTCCGCCTTCATTT. # 341 H i v BEK/N A 398 bp. F3EFEF Jy: 94°CAZ: 2 min, 94°C
30s, 58°C 30s, 72°C 30s, 3L 35 MEH. #HEA3F1) PCR =¥ H 0.8%35 g bt By ks il (%] 1) 5
JFRL DNA 5 AH 5] 5% 77 (1 %% B R R AR N BE M A R, T T 5 45056 .

3.2. BRATREMETHREMNEKENTN

£ 0~35 d MEART 24T, TIEEE/KEZH %, M 85.23% NEH] 36.22%. 5 1S /KER
—FE, FEEER G AR B R0 S M S K IR T R, AT AN 93.17%. 92.20% R P4 %] 33.19%7F1
26.31% (/4 2). 47E 35d ALK, TS /KE)LTEE] 100%, MEHKESE 7d FI5 14 d f5 RIEEK
T 79.83%FI1 72.34%, 171 % J7= K] 5 A A 5k K] SR AR AR 1) I Pt T 0 5235 0 FL /K A R T v
{B7E 0~35 d ISl FE P AR S (K G ,  54 5 DN R AR 1) 5 /K B ms o T ARG SR DA AR, D0 WZE T i
N IrrE B DR BE R SR I SRR AR I K

SRR YA E R I E Y TR, s R RS 10— A OB br. wlE 3 FoR, 78
0~35 d ISR T R&MET, WA S8 3 & EARERH R, (HAER —Moam I, 55 EhR i
GELSBAFRERNMEN S &S, ST 235 35d I, MK TANCRE, HEHEEM™EHE, T

KBRS, WM GRS B, 4 35 d AR S MUK G, AR S K EIZWE I,

RESREHER NG, EHEDREZHRE, TSR SEE FTHEE, EE EFEIHSRSEKT: A
WA, B R DR SR PR IR PR 52 R s TR R R DR o
3.3. FEMEx MDA S BN

TEBHA N, WYL FE BBIR, MDA & &ETHE, MDA (AR 22 % A4 s stk — 25
M, HE R KRN 7S TR A MR ) SZ AR FE I, MDA &S, UMK 52 2 10155 %
HOK[22]. BEET R MAR MR, Pig MDA &E¥E EFiEas, eIk MDA EFHIERE KT
HEILNAEAR . MEHUKSE, Bhiaflkk, MDA S&E N 4). XU THEERTREAME T, IR

SHE PR A A B S A58 R PR - AR e R AT R A
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Figure 1. PCR identification in transgenic Brassica napus L.
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Figure 2. Change of the relative water content in the leaves of
Brassica napus L. during drought stress and after restoration of
water supply
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Figure 3. Change of the chlorophyll content in leaves of Brassica
napus L. during different periods of drought stress
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Figure 4. Change of the MDA content in leaves of Brassica napus L.

during different periods of drought stress

4. NEBMERTE]AEKE MDA & 2R

34. TEMEMAAEER 2R

ATV R R R R SR L —, A E B R . R AT LR e
b2 05 A R ot 5 5 L A P R A PR AR R R S T IS R
Wit AR TR M — A B AR . TRMNA R, PRI AR R T, %
VHL R AE MEL T 2 K (9555 0 DASE R 5 S0t SR L DR S BRI T Ve 2R 4 T
P . EAOK, TRMNARR . ROk U S AR, I B 1 R
B(4 5).

3.5. FEMEX SOD 1 POD &AM

SOD &A= WiA I B A A 40 4 1) = 2R, e Re AR 1 (1 B H 2R A TP EERIRAS . POD 2 Y
P RGN E B, ES5EMPRIES, SEIEH K EKRRNANEAE XK. BAT R dR
W, FEPR SOD Al POD il PEAR A BT AR Ak o Bl i B (] R X, SR AE Ak SOD Al POD i MEZ i K,
B F] 35 d I IA B RAE, e L DR A4 Jik R SRAE AR 1Y) SOD 43 ilik 3] 279.95 U/mg-protein £ 215.99
U/mg-protein, POD [ # A3 P23 514 208.70 U/mg-protein A1 144.74 U/mg-protein. B, JHSEHEERZ 457
B, WEEH, A ERRTE, Mk, B, SKE, WERET R, RBER
W B A S KIS TR e KB 52, RN BRI, ZERRGH BRSSO, BTk
VS PR T k2, A PR YD SOD Al POD v ME A BT T R (HIEREN B Rt FE v, 3% R =2 1) SOD
H1 POD ¥ MK V-2 v T A i DR Vit =2 )0 12 o
4. ¥1ig

YRR AR 38 L 5 R 52 14 CERERR N A KT R4 KT E#SRAR A% [1] [23]. 7K e T
T YRR o A B AR A I R, AT FEAR T R 2B KR P | [24] [25]. F 51 Je il I3 1 EK &
BT B, AT SO T DA N AR B K &, AR L ZRAE R 5 K B S B AR R K 43T SRR
AR, EART AT, LESKERFEE —NESHEHE I FE, 75 0~14 d I I H B =2 1)
FOKEBAE, (H7E 14d J5, MEMHAREPEK, TREEANME, TH8E5KE, MREKE
B0 E N, (BB I A 3 R S (ARG 5 7K 2 L ARG S R SR (0 B . 31 35 d I, AERRI

()
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Figure 5. Change of the soluble protein content in leaves of
Brassica napus L. during different periods of drought stress

5 NEMBE ENEKRTAMERSENTR

AEZRWRE, A RSl KEMK)E, WSEREIZE KR KT IR, (B EERI=E
FE T AR R S R A ATE IR HE T, X AT RESE IrrE ik A 76 4% o ] e ek 34 1 I A
FKERIG I R R T RMHE 5 MDA &7, BHIRIR A A i U R PR 5E, x EAZ
P 3 Bt — A R T 7 B ISR 1 0 5 A T B AR [15] o AR IR RS AL AR Th MDA 85 B EL R
SERFEAR ) MDA S, X R UIARFE I DR il S Rk LU S DR il S AR (Y BB S 5™ 1, X i RIE
AVPL J PR $i2 i e ok DR 77 JDRR A i s A M40 522 ) 5 R — B[ 26]

FANIH, B HIEATEY I S KB e, VRN SR SR TR A SR SOD Ml
POD i 1 th 5 E 248 o 7 0~35 d A BB AR v, Al ATT A 25 B AT PR ARG 25 305 /KR T i B T e
R LIRS A S KB REEHE 7+ R iE. 5. SEEEIREY a0 R F S e #s
SN ZE L N R A BRI AR AL [25], BT RIba SR 7 REtEE A S E RN, marEtE A SR
T ARSI RE rh B 40 05 0 B B b, AU AT USRI A B B 5 s A R B 55 22 T THT )
FRI[27]. [FIWF, EABTTH, HRTFia d A SR & B S KR KRR, AT RERER T
A VE R, 5 N7 g R —80[28] [29]. MK 55 62 51 Y6 & 1E R SR B
BRI, H R BRI T HE 32 27K 5 B AL FI[30]-[33] . 1,5- WA AW AL g/ e (1 iy
TR BRI [341LL K ATP HYE B ILREAG[35] . FEA)IE 2 T A5 S i, 000 & 1 AR A
IR P i 2 B A AR i R vh P AR KR TR PR 4AU[36] [37] - I A Ik SR R 7 A 7 B ) S A 1
F, N TEESGRTRZENDIFHE, MRS T B SNBEARS: EERIRREE RSN RS HE
SOD #1 POD = iHME AR R h i EE MR . AMALRER, E£EATRERIET, MS4H
Jivh SOD Al POD #t S AL Jilg O3 P 5 L HL A AL I RE A SR IEG, BT TR VE s IR mT A 9 AR ) Bt
PESERSS I BB bR . th1X 6 VS R AT AL, AR BT phant, H sOD A POD & PE#S N 1
It 5 M3 ) ) S A AP FE E PRI, TP M T, — 2 AR 18 35 d R A Bl . fH
FEREA TR e L DRI S P O 2 3K 5 i VAR ER A& DAL SOD . POD 37 14 24 LU A 4 2k DR 1 52 )
s WHIFET R RA T, IrrE SRR BRIt i sk S L aE e A S B LU SOD. POD
T TSR i e R S I T A RE A
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Figure 6. Changes of SOD and POD activity in leaves of Brassica napus L. during different periods of drought stress
[ 6. TEF S HERTE A M3tk SOD #1 POD jEM4TEL

EHEUmHE

AW E 4B H A 973 5 H (2013CB733903), 863 il H (2012AA063503), [H 5% # 3t (A 4 Wi
(2014ZX0801201B), Ak 28 M AT ML RBHIF 4 151 (201103007) A1 76 i A5 K 2418 - 4F 78 3 42 (112x7104) A1
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