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R AN R SRR A MR S A TR, AR T R AL B b BRTESTTE ND35 A LR E R /N LK 16 AR A

i 22 ARk R ER 5T ND35 B LR 16 IR &t ATV PR 3 i o S (0 SR P L IR 2 (0 2 4 i, N R i L
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Effect of the endophytic fungus Chaetomium globosum ND35 on the growth and

resistance to drought of winter wheat at the seedling stage under water stress

CONG Guogiang, YIN Chenglin, HE Bangling, LI Ling, GAO Kexiang”*
Shandong Key Laboratory for Agricultural Microbes, College of Plant Protection ,Shandong Agricultural University, Taian 271000, China

Abstract: Endophytes are microbes that live in plant tissues without substantively harming them.They are ubiquitous in
most plant species, latently residing in or actively colonizing the tissues.To clarify the effect of endophytic fungus on the
growth and resistance to drought of winter wheat at the seedling stage under different water conditions, two wheat varieties,
Shannong No. 16 and Shannong No. 22, were used as test materials. The dehydrin wzy2 belonging to the dehydration-
responsive encoding gene was detected to master different expression of winter-wheat-related genes under drought stress by
using a fluorescence quantitative PCR technique. The growth and development of plant and physiological responses under
drought stress were investigated by measuring the related physiological indicators and enzyme activity. The results showed
that, compared with ND35 groups treated with the normal water, Chaetomium globosum ND35 could significantly improve

root-shoot ratio, proline content, protein content, and malondialdehyde ( MDA) content of two wheat varieties in the
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drought group. The water content and soluble sugar content of leaves were reduced slightly in two wheat varieties. In the
drought treatment group, C. globosum ND35 could promote root growth of Shannong No. 16 and increase the plant height of
Shannong No. 22. The proline content, soluble sugar content, and catalase ( CAT) activity of Shannong No. 16 treated with
C. globosum ND35 group were increased more than in the control group, while the MDA was reduced by 9.0%. Proline and
CAT activity increased and there was an indistinctive difference in soluble sugar content in Shannong No. 22, while the
MDA content was reduced. The relative quantitative expression of wzy2 gene was examined. The results showed that dehydrin
gene expression in the two wheat varieties inoculated with C. globosum ND35 was increased significantly, compared with
that of the control group. Above all, the endophytic fungus C. globosum ND35 could promote seedling root and plant growth,
the wheat could develop into three-leaf stage earlier, and resistance to dehydration was enhanced. In addition, wheat root
vigor was improved and resistance to drought was increased. The individual water content, sugar content, and proline
content in cells were increased, oxidative damage caused by malondialdehyde was reduced, and the activity of catalase was
enhanced, thus improving wheat tolerance to drought stress. The expression of related genes wzy2 in quantity was obviously
increased in wheat inoculated with C. globosum ND35, and then the expression of resistance to drought-related proteins was

improved. As a result, resistance and adaptability to drought stress were improved in winter wheat plants.

Key Words: wheat; seedling growth; endophytic fungus; Chaetomium globosum ND35; water stress; dehydrin

gene expression

TR KGR B2 = R 3R o3 A AN 34, T 52 25 A A A ) B i DL %) 306 458 25 e, o )0y T 2 R 1 77 e A
PEXMERT, PR Ul S 38 X /N 22 AR 7 R O AL B2 A T 9 B e BHIE AR NN AR B S A
A8 P S IR SRR RSN A LT S Y A (R VE FAILEE S B AR e 5, IS
MR R 4N, P9 A LR AU ZE 5B ( Phomopsis orchidophila ) fig W30 3% 5y 1 58 i 21 45 22 i AR 57 22 B 1E
IR 5 P27 2k R R TR R A R A7, DI IR) 8 P ) 1 S B R IA s R R R IR L AR
PRI X} Z2AF A B SE W ( Lolium perenne) (1252 ( Festuca arundinacea ) %5 R WAL Y P12 14 72 B gE e B2
WA FLTE AT LG S e R B R LT R AR LI BB R R P R G A — RS AR B
PO N7 A A = X P (R A LR S R T R T B R RO A ) R
iy 6 35 S0 O AF 5 AR X A /D

KRBT ( Chaetomium globosum ) ND35 T ¥RAE K —443 188 TAEFE E FH 45 ( Populus tomentosa ) B PN A= EL 1
RS ERE, A HGEIE  BREFCH ND3S R EIS (2 JERIR AL 48 & B BTG 70 . 7K 2 ( Dehydrin
)M AR TR T RS EN . SRRV AR S K R R B Z A —E 1
KR wzy2 S INFZ R R 1 — B K RN I B S g R SR 2O B PCR ik, ThiHL,
S PG i PCR ARG — iRy S P o | ey SRR 10 5 A 00 ik PR 3 58 B A 50 125 I DT R TV W R 4G
) B PR R TR 5T 25 T ELA FE R R R L AR SR s i K o S R [R) K o0 45 1, R N AR
HLREREFCI ND35, 38 520 5 AN [F] K o3 S50 T /N AE AR I 285 A6 304 AL A8 Fn >k W /N 22 61 5 3 Y 2k
PRI S, FFAE S FAKR N A RS /N T R R ] wey2 BRIA 2R, AR N AE R BKE
FEIE ND35 XA/ INAZ AR AR LN /N - 53 PR 52, 5 FE AR N A LT X0 T i R A AR W A vk
A B T SR P AV FHAILR , (RIS 48 A 4 A 0 e 5 RN AR A 40 PR A TR i 2 AR S0 B 1o FH 4 ARk
W

1 R

1.1 REA R
W T 2012 4F 10 —2013 4 7 ATE IR B LA E Y i S e s geA T, HER/ N2 SRl o A A 1L
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A 16 URK UL L AR 22 AREE I L 30 BRIP4, #AEU A+ pHAE 7.19, A LT 0.46 ¢/kg, &
AR 0.12 g/kg, WS 0.15 g/kg, 2 16 o/kg, BALA 11 mg/kg, AU 24 mg/ kg, HALHN N 46 mg/
kg, P 30 cmXx20 cmx6 cm, 2 KE R+ 2.5 kg, T AL HE P& IR H G 3 i Rk
1 30% (ARG VD T B BT hE 2.66 kg) , W FLAL PR ZE s SR LU 5 1 R KRR K = 1 60% (RIS + B R 2.
84 kg) , FLAMRAIMER AT/ N WG 35 . "B IR MORIE S 2% Sk M e TR (LR 1)

x1 ERREARE

Table 1 The concentration of nutrient solution formula

JCZ Element N P K S Ca Fe B Mn Zn Cu Mo

e Concentration/ ( mg/L) 578 39 733 48 120 3 0.5 0.5 0.05 0.02 0.01

BEAFL R BRI ND35 Fbk , HAL TRy il 25 77k - AR BSR4 O 47 LR B 78 8 ND35 TR AR A i
B BE R 1.0x10° cfu/ml 96T BV, 3% 10 mL/kg A7) 8P 21 355 K BB AL BT 200 b 7 25 CF
B3R 15—20 d, BT Je Ry iR 2R 296 54

KB BHBE T &, BURI B 099785 1.0 g, il 100 mL JCHE /K A0 AR B 85 35 38 - 5516
BRSO TS T AR O A IR D TR S R TR ST B R, I — TR A SR B A bR 258 R 51t
B I EEBR 1S ATHEE T E R 2, RE A AR DR S5 T a8, RO 8 3 A~ A BUEIME,

%1.2 IR F

Wi/ NE T TFAE 20 CARBAEZE)G , e A ZE R 5] — B PR TV )2 F 1 em,, 76 F0 7 32 1 it ik
JEh 5500 cfu/g B8 0.3 g/ kifh ., BREEXFTHE =2 cmx2 em, 3L 4 NGB, (1) TR +CK; (2) T 5+
ND35;(3) IEH +CK; (4) IEH +ND35, ARG AL 150 ¥k, P S8 28 A s 72 4 5 FREE IR0 ¢

IKAT B, BT AT A PR 3 s 1 B R e AT A B, B R B T S A B R E /K A3 A BRAE P A AE 23, Tl
KE SREFEHC R EREE , POKBRIAEE RA A EE 1 h S, B EE WK, 5 — KT 2012 4 10 J
17 HHEEFR, 11 A 22 HORFE S T 2013 453 H 7 B#EF,4 A 12 HREE, EiREEFE 35 d, WIS /N A=
KARDE , RATRE S AT 5 Sl AG ) | e AN A B 10 BR/NZE AR, IRA7 T -80 CUkAR 5 H .

1.3 WEm H R 5k
1.3.1 /N AR RO B 7K R i o

HF A AL H/INZ H B H R (eom) AL R HRAR K (em) 2054 50 B 10 5%, LA 30 #Roh— A FR L 5 (o) -
S0t B/ NERRRAE 105 C TR 1 h,RJG7E 70 C Pt T 2IEE  FREAH/NETE (g) NEM T
H(g) AMRTE(g) , HH/INEBEER KR (%) IR, AT .

WE =M T8 (g) /4t LT (g) s SR S KE (%)= [ (W,~W,)/W,]x100%;

Kb, WoEETE (g) s W, 8 TH (g) o
1.3.2 /N A R MR AR I 0

PAF Az FAA R AR BRI 2 242 IR T 2 28 (R A AR AR S 00 B AR A ) T i ik |

(D)/NEMRRWG ME SR TTC ¥, BURFIAL BN ARZR 0.3 ¢, BUA 10 mL BEFRHT A 0.4%TTC 3%
TR ANBEIRZE WP (1/15 mol/L,pH {H 7) 4% 5 mL,37 C FRELIE 1 h, JFIA 1 mol/L iR 2 mL, £ 1k h , ¥
HRECH K5 A C R B 4 mL, — e P S e LASR R B, S Je N R B e 2581 10 mL, T4k
SR 485 nm K FAE

(2) B IR S I SRR =Tk U [ AL B A BT e /N7 0.5 ¢ A L ZEAE, i 3% fitk
FOKZWE 5 mL, B KB ELE 10 min, WHJETR 2 mL IO 2 mL PKESHR & 2 mL FRMEET =, 36K 15 0 & 30
min, ¥ EJEHFREER T4 06T 520 nm KR HLEIE

(3)/NEMFEREASEIE RNEZ DR G-250 %, BUNFALHAYEH i /NE 1.0 g AR, i 2

http ; //www.ecologica.cn



4 A E = 35 %

mL ZEIK IS 5102 B 5 mlL 280K U8, F R B 5045 ,25 C FALE 1 h, 285 7F 4000 /min #5.0> 20 min,
FWEREEA 10 mL BEHES . WHUE H FHREK 0.1 mL, IIA 5 mL % S5 G-250 & HikH], il 2
min J57E 595 nm KT HCEITE

(4) FTEPERE S BIE  SRAZEE:  BURRIAL BRI /N 0.3 g A ZIEE R, A 5—10 mL ZE48K
B JE B KTE 30 min ($2H 2 ) R HE IR 22 25 mL A8, WHEAFNE 0.5 mL il 1.5 mL 7818
AR FE RN 1 mL 9% AR BV, FE )G G N A 5 mL ¥RERIR , 1R S), 7E %I T iCE 30 min, 7F 485 nm KT
E €80 7

(5) N % ( Malondialdehyde , MDA) FfillE  >RAGACE HE 2R ( Thiobarbituric acid, TBA) i, B[]
REFR/INZZ 0.5 ¢, A 5% =S LR (TCA) S mL, W EE 5 A5 21 K #E 3000 r/min T £5.0 10 min, B EIEH 2
mL, /Il 2 mL 0.67% TBA ,J&A 5 1E 100 C/KH 328 30 min, A5 5.0, 70 BIHL 1 WRAE 450 nm 532 nm Fl
600 nm Zb5E

(6) i AL & ( Catalase, CAT) IGHEMIE  SRATERIMECE  BURNFEANH /NI R 0.5 ¢, IMA 3 mL 4
C IR pHE 7.8 MIBFIRZE il /D & WHES) K 5 2 25 mL A e, RGN EH AR E 5C
YKAEH 10 min, B E T T 4000 r/min RS0 15 min, F BN A ik AL SOHLER W . B 0.2 mL MBS,
A pH {H 7.8 BIBSFRZZ v 1.5 mL FIZEIRIK 1.0 mL,IRAEF 25 CF A, BEMA 0.1 mol/L 1Y H,0, 0.3
mL, 37 BEHAS LA L@ 7E 240 nm R 2 WOEEE IR 1 min He— 0k, 25005 4 min, THE RS
1.3.3  /NEBIK R IR way2 Fik 25 FAN E HEAG

(1) 5L RNA F$EIUR S 7% S 6 1

S RNA HEHUE B Trizol 1855 ( TransGen ) Ui 54T, S RNA b A7 300 8% 56 445 cDNA L HAK y :4%
18 Fast Quant RT Kit ( With gDNase) #4778 DEPC 4bBid 1) PCR & HH A KL RNA 1 pg,5% g DNA buffer 2
uL,10x Fast RT Buffer 2 wL,RT Enzyme Mix 1L, FQ-RT Primer Mix 2 wL, Il A DEPC ZbH ) K TE 7K 2 20 pL
R IRSHWEE, BT 42 CREEFIEE RV 15 min, 95 CHEF KV 3 min, VAT IR 5 8 0055 1E , 5O 545
i cDNA 47T -80°C vKA48 .

(2) 7INAZ Wi 7K 22 DR A o T 2 0 I g 56 81 ) ot

SEHE R PCR K Tiangen 723 7] SuperReal PreMix Plus ( SYBR Green) 7] &, 25 wL JZ WK &R 615
SuperReal PreMix Plus (2x) 12.5 wL, ¥ N 10 mmol/L #) I | N5 445 0.75 wl,cDNA 2 pL, T K5 ddH,0
%25 pL, W F Bio—-Rad PCR X (% i Q™5) ik A sk =X S W ( Polymerase chain reaction, PCR) 3™
B BEAFE A3 UOPAT RO, R PCR 9 bR UEREIT . OV A5F R 94 C AR ME 30 5,94 CAEMES s,
60 °CiB K ZEM 30 s, HFR 40 R, 25 T 65—95 CBlifit th £k 43 M7 , 76 I KM 490 nm,

FERES 5 PCR P40 [FIET 6 cDNA R B E R E R 107,107,107 107 & 1077 JE A 5 AU
FEEERRAE S . SRR L2 BILAIX 5 ANk BEARAE SO BRI T £ PCR 473G I VEARiE 2

2% cDNA FES B HFRIER wzy2 I RIN S I B-actin 51938472 5 PCR §738, 51755+ S
ekt xR R B TR B AR T AR TR () e A BR A FA AR, A 2 FIR

K2 BKZEER wy2 FIRANSEFNZIEBER B-actin 5|41

Table 2 The primer sequences of wzy2 gene and B-actin gene

e By JFH(5'—3") 1B R GC &
Gene Primer sequence (5'—3") Temperature/C GC/%
WZY2-F AGGAGGAAGAAGGGCATCAAG 62.0 52.4
WZY2-W GTCCGTAGGTGTTGTCAGTGGT 61.3 54.6
B-actin-F TCCAATCTATGAGGGATACACGC 62.4 47.8
B-actin-R TCTTCATTAGATTATCCGTGAGGTC 59.9 40.0

http ; //www.ecologica.cn
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(3) DG RE i PCR BE 0 #r ik

FHARRE B D7 122500 PCR &I ER . MY 42k 78 Excel #fF b7 AR & SWFSEMGETH o0 A,
S B R RITE SO 8 O E S A BIB0E B T2 D AR ER L (Ct) o LA B-actin FXof IR, £ 0F PCR 5
B8 DUE ., AR SR FH 27449 5 i S RIVAE X A% 2K (relative quantification ) = 27444 - BL{A 147
VATV

ACt . =Ct — Ct
AACE . = AR (ACE ) —RTIREL(ACE 00 5

o, Ce A PCR SSAE H BYZOGAE 53K BB 1Y (B I BT 28 1 BT EL; Cr . I RE TR wzy2 BED Y
PR T IR BIBE WY (IR T 28 3 AR IRE Cr ., I RE S R B-actin B PR YOG 1R 5 18 2350 E 1Y B (RN BT 28
T IR RS
1.4 Fdiabr

H Excel 2010 R {F#EAT 40 B AR, 1] DPS Bl 70 ek b AT Ge it o0 M, R LSD kA7 26 57 3%
PRI (2=0.05) ,

sample actin 9

2 ERESH

2.1 FREFCI ND35 X/NAE i AR K BOoRH AR AR 52 M)

5 IEH KA E BAR LL , 7K 23 e b 3 P /N2 300 1 v AR 343/ B St L Y S 4 e, 25 Rk B
FKF-, TR EEFERE S ND35 PTRB/NE (LR 16 R H AR AR IR b A B3R 1 0
X RRZH 3 57 4.0% 17.5% \7.7% F1 16.0% , Ho AR A<, M oed L M B 1 i 22 Sk B e 20K T840 T #
FhERTESE I ND35 7K MEUE AL INEZ 1R 22 BB R EVR F1 i 28 S R 3 8 25 K7, 0 ol FE X IR 4H 42
1 15.2% .6.9% 43.2% (N3 3) Mk 22 R B 2 K . UEBIFE T2 Wb 44 T B ER B 52 ND35
REAS R HEPT AL/ N AR R AT A HE /K A OB AR /N2 A R A A, BT RE 3G T /N 22 I A AR 2 1 B 7% 4
TEIEH KA 5T 3R ER B 7S I ND35 et 0] 10 42 m i A N2 AR 2R 05 7

F3 FEASEHT,RERE ND3S HARNERHES HK BEL BEENNEERSBOZM

Table 3 Effect of Chaetomium globosum ND35 on height, root length, root—shoot ratio, root activity and total protein of different wheat

varieties under different water conditions

e Hifi/em E/em e SRRV e
Treatments Height Root length Root/Shoot (mg g h) Total protein
T EAb e 16 CK 15.67£0.35d  23.90+1.46 d  0.26£0.04 b  93.49+7.62 a 0.38+0.03 d
Drought treatment Shannong No. 16 ND35 16.29+1.53d  28.08+1.48 b  0.28+0.02 a 92.22+6.42 a 0.44+0.07 ¢
i 22 CK 16.68+0.33 d  25.1220.54 ¢ 0.29+0.02a  45.33+0.63 d 0.56+0.04 b
Shannong No. 22 ND35 19.21+0.63 ¢ 26.85+1.43b  0.32+0.03 a  42.44+2.84 d 0.80+0.09 a
EH K ik 16 CK 19.09+0.67 ¢ 30.52£0.20 a  0.24+0.03 ¢ 28.79+1.30 e 0.31+0.03 d
Normal water Shannong No. 16 ND35  25.39+1.41b  31.12+¢0.41a  0.2120.01 d  63.05+3.24 b 0.40+0.05 ¢
1l 22 CK 21.18+0.89 ab 31.2120.21 a  0.26£0.01 b 54.15+2.51 ¢ 0.38+0.03 d
Shannong No. 22 ND35  25.57£0.70 a  32.21+2.05a  0.24£0.01 ¢ 67.34x0.54 b 0.43+0.06 ¢

FIFIARNG FHEFIR 0.05 KV E 25 R 3E

2.2 BRESCIHE ND35 X /N FAH A BRAE AR Y 52 )

SIEW KOG AL, T 250 TR/ NE A il R A R R R 2 25 Sk B R 3 KT
(P<0.01) , T Al PR AT 3K AR, e T AL B2 rf  BRTE5C 1A ND35 A BHA P/ A2 il 2R 7
IR KR S0 R AR HEE A B 22 5 i 2 KF (P<0.05) , ThTLLAK 16 3 0 5 -5 X0 AR LE 2 53 A8
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% HAEREFCTE ND35 LA 16 MNfZRR & ik i i 3 7K o ik 40 Ak S0t 37 1 20 1) bl R ZH 42 15 40.7%
2.7%F 124.47% 114K 22 43 BB 46.4% 2.7%H1 23.02% , i LA 16 4 I F 5 1 & AR X0 T %0 1R 41 R A%
9.0% , LA 22 [yt N 1 JEBRAIG 43.0% AR IEH KA 54T, Bl /INZZ ik B B I R 7 i N I 7
B R KRS S IRAM S A E (NE 4), DRGSR, T REPAKM T MR ERE
ND35 /N2 5 35 3 Ho o BREL A BT i, b 5 /K S ARG 38, T 8 i R AR 8 PR B2 80 ND3S 1 /N 22
X T S 0 o A R B AR

£ 4 FEKSEUT,HES ND35 WRE/NESHTEMNE R, F 6 M E Sk BT AL SO0

Table 4 Effect of C. globosum ND35 on soluble sugar, proline, MDA, water content and CAT activity of leaves of different wheat varieties

under different water conditions

s e AN Wl ke AT

Treatments Soluble sugar Proline/ Malondialdehyde/ Water Content Catalase acl{vlty/

(ng/(g-FW))  (umol/g) (U/(g+ min))

TRAab 14k 16 CK 0.64+0.04 d  145.60+1.24 ¢ 0.0368+0.0033 ¢ 77.69+0.90 e 142.65+6.92 ¢
Drought treatment Shannong No. 16 ND35 0.68+0.01 d  204.81+5.09 a 0.0335+0.0028 ¢ 79.80+2.37 d  320.20+16.47a
14k 22 CK 0.87+0.07 ¢ 128.02+3.31 d 0.0741+0.0036 a 83.81+0.44 ¢ 145.50+12.33¢

Shannong No. 22 ND35 0.85+0.04 ¢ 187.44+9.43 b 0.0422+0.0033 b 86.05£1.25 b 179.00+42.38¢

EH KA 14k 16 CK 0.91+0.02 ¢ 74.84+4.04 e 0.0117+0.0006 d 87.25+0.40 b 79.90+5.96 e
Normal water Shannong No. 16 ND35 1.40+0.07 a 78.58+3.34 ¢ 0.0116+0.0005 d 87.78+0.97 b 145.10+6.75 ¢
14 22 CK 1.04+0.01 b 60.41+5.63 f 0.0094+0.0004 d 90.62+0.11 a 123.70+9.16 d
Shannong No. 22 ND35 1.35+£0.01 a 65.76+3.34 f 0.0120+0.0005 d 91.28+0.17 a 200.15+26.23 b

FFIA/NEFREFRIR 0.05 K- 128 5 2

2.3 way2 FEH R 2 S AR 2 B
231 wzy2 bRUERTER A EEST

w1 R, e H S B SR wzy2 B bR
L& cDNA MRERREE Y Ig (EX) Co AR, HAH G R %L
40.996, #£35 T 1, AHOCYEAR &, FEA A 5 A X 2 1
2R S R
2.3.2  GIWEE S A K G Hh £k

MIE 2 3 ATLLAE Y, 2 PCR 2/ BN B1 BOKEEE w2 MEE PCR I HIRAE ML
:t %’ﬁi gl %lﬁfrﬂ]ﬁ“é‘%ﬂ? , PCR E(J F):%q:#%"_‘@ g& , Fig.1 The standard curve of wzy2 quantitative PCR
TARFE e R BO™

233 TEEMT IREFCH ND35 X i A [F] s R
INZE WK 2R e TA B 1Y 5

P B G 27 T IR 16, gk 22 /NFE
K RIEH PCR 25 R AL geik i, i T EOW, 400
B TIE AR I 25 A 4 R

M 4 RT-PCR 4550 LI i, 30% -3 A% 557K
HAPET ,ND35 Kb H A REHE & WAl /N2 1 I K 2L
wzy2 ek, Hoip il 16 Hr R AL/ INZE K 3 PR ) 2 3k
XTI 2.21 %, 104 22 HURRLNE Bk 2
XPREA] 2,53 f5, UaBd, TR &4, Bk EC R
ND35 A LB i 4 i /N2 7K 3R wzy2 FE PR R 36 0, 1T
F AR TR /N VR SR AP 22 57

B2 BikEREE wzy2 89 BRFBELR i & RIEE
Fig.2 The single peak melting curve graph of the wzy2
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3 e

31 BREFEH ND3S BN R FOTBE A K T
LS OB

Bk AR R T | S L R T
LR B UG . PRI, R AR BRI 2 0 3
FUHE 9 T B4 B 0RO A IR R L o o AR R PCR A
JATT S 2RI IR R IR B AKX Fig. 3 The Muorescence quantitative PCR curve of the
SSRGS B K T LA BEK AR ampliication fragment of w2
A1 Redman 4 ABFFEHNI , 14 2R IR 36 T oK
FERORBE KRG R 300 TR SRR A T 5o

IOMIE , AR TR LA BRI ST B IRy IO AR AR T 8 2s |

FRAHR B 2 8 A R AR 5 /L3R A ORRI A ) ik %% 20 ¢

Hh it R AR K SR AR PR 0 OB B, RE A g £ :(5) c ¢

WER UL A R T RIE e . i R ROBFSTIE Bk B 2 0:5 E .

B ND35 X7 e IR AR 2 10 & & B B A 0 ;

fE 2 RIS R, 1A 16 /M ND3S 4b 3 Cenmm | emm
MR R B2 B R e L RV ke 2 1 7 e A AbF Treatments

SRALET G, 142 22 /1A ND3S AR JRALY Ry i e T X0 B4 BKEFK ND3S HARMNERFMBAKERER wyy2 RIZEH
HREH AR B K R R T B IEF /KA S6 P T TR gy

INZZ R AR IR R G T LU XS IR 353 5, 3X Fig.4  Effects of Chaetomium globosum ND35 on expression of

BERHE R BHER £ 5 ND35 AR [ A [R] K 43 R B /N2 wzy2 in different wheat varieties
PR REL AR A A RIS (A %o T 52 )3 7 PR 2 i T X B2
Hb, BRBTCH ND35 AL BR /N A AR e Bt i, SR AT HEA = H ., R, BRTE 5818 ND35 (2 E A /N
TR 38 B 5 | L A /N2 X 7K 43 R 43 W SOR T e 0 e 8, DA AR A= R B B2 i BT 5 RS 1) /N 22 3k 5 68 )
A i T RESE S e/ N A2 B A Y B R
3.2 EREFEEE ND35 X HE /N B B 5

TR R A KA AR 2B AR oK TS /N 22 38 G B s Rl e 3 . /DN EZTEAR B R
5325 30 49 5 T LA RAARRAEL P 200 M /K 2 SR B AR 2R 7K 0 EL Y o ol ) 9155 00 B M 2R | P v P
JIE 7 2 B A A R Tl 114 3 P 3K 2 A B AR TE AR AR T 5 aa | R S AR AR Wb aa Uy Tk $E A AR
R 7 BLSRAEIRSY  BUA IR A SR A R R R I AR B i N Y — SRR R, TR A%
T AR AR E I ERBRDY AR b T2 T RNz I 2R A R S TR
TG o — 7 T, AN[R]/INZZ it ol ] e 2R 5 k19 28 AR R it A AR B 19 353 4% A6 O, DA ITT 2R B0 4 5 1 il R i v
AHRRE 55— FEAR 8L 200 R BeRhER B 72 ND3S # R LA /N2 IR iR & & . BEHAFET
BT BREFCE ND35 ] DU/ NE I &R AR 2R TE4ERR A B 3407 T BB AE T . 53 8, Ab B4
B T AR e R AR S T P X IR I A AN TR RR B A 4 s o b e b ) R U R R 6% 1 iR 40 L TN
B AR PO AT ARRIVER] . i A U T L A3 i i S A &L, B R BR B s s/ 42 ) H R
TR, MDA 20t A i) F 2= 2 — XA AN M rp 38 22 AR W T R 43 an 8 (0 A% R RN A5 X
ARG BRI i 22/ ] A Oy 440 B RSl 4 P R B 4 b 2 — 20 A IR 56 rh BR B 52 54 ND3S b # 4]
MDA & W IR A A F R A FRAT, LA EAEBRAE AR U] 76 T e 260 T A B4 /N i H0 5 L X
HRZH A7 AN () PR B2 3G 5 | S It 2650 i 7K1 AT 7 o7 1P o
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3.3 ERESCH ND35 25/ way2 FE PR3k G 52 4 5 i)

INEFEAERKER R, TREPEREE S LI RE ORE M T T 5 0 /N RS, S
H T4 R RS 1 1R800 P RESE AR T S AL A DG B eGR4 2 B 1 B A e A A ) 1 AR o
FARB) B A, T N A B4R = AR P I PR 3R 3k B B B 82 & A, Sherameti S8 HF 5% & 3R, 76 T 2 i
RPN BERYE AR ( Piriformospora indica) WIHARI SFARE RD29A \ERA1 \DREB2A . CBL1 S48 PR AR OC HE A (1)
FIRHRAT A FIRRE B L9, 1 o 22 A A AR R ) SR SR RO 5 7 5 Sun 45 A B9 9 38 W1 P9 A= BRI AE HE 35 1A P
FEFEIG R H T R b PR A ORI 1 Rk JT AR S T R OCHR 1 py Rk AT 7> H o B R A B R g
F17%; Ownley %5 N % 80PN A6 T 012 YL RESEDRAE M BT JE IR A 238100 IR, BP9 AR OG T 52178 S L IR 7 i st
ZAF T I mRNA KRS R RRRE oM S EY BT ELHEE AL T AT A5 B . A MR
K SR — i WL T 55 B SR K M B IR G . — 7 T, K R AR 32 B T K g
AT AT T AR A AL T RS i Aa e M A S5 4 00 59— i, K 88 )40 T PR AR A%
AP VR, 72K 53 8 25 T ] LURSE 8 B 45 #4 FOR LD BE , i LABE K 3R 3 R e T - A A ik v
RAEFREDY ) AR RR I 5T 2P0 &0 T A ERB IS ND3S A B RlINE SRl wzy2 JEDR A 3k
A IR ALY W E A S, AU BR B SE A ND3S AT AR i LT RAE S way2 AR i R /N A T
I A A 3 07 A AT T 5 i i 7, DT v /N2 BT SRR ), S A BR B ST ND3S 2 R /N TRl P
Pt T

25 L A UL B R K B 52 1R ND35 RS A 1 P Fh AN [7] 7K 43 OSBRI AZ (AR R R AR R &, B
ARG P ) TR i e /N 22 KT S R SR R T, T R S R R A AT I AT S A 3 0
FAARMDIT ZA 7 HAF B0 UE : (1) BREFEE ND35 {2l /N AR R AR MR A /N AR R AR 4 i, BT i A
Y R/ INAZ RS TR RN AR R T, B SR/ T 5 (2) BRESTTA ND35 48 /N2 4 Y K
O3 Y IR O i AP R i A 4 PR A A 0 5 3 i o S R S P X S R R R N I
Bam e SR/ NZ Tt AR B OCHE T . (3) I DO i T Bkl & B, BRE5C ND35 2k /NAZ i K 3=
FE wzy2 (WFRIR ST BT A DG (Y Rk | (/N2 ARAS s A T B K ME RN R B8 07, D0 oh IR R AE N
TSR N K AT A B E BRESE I ND35 2 7548 finAR 72 20 M X 1 52 3 i RN g 7, 2 A5 BE A P 6 T
J A5 A T L RO A5 6 B 22 S /N2 B SR 7 A R R SR i A gtk — 2D e e
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