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FEE AR E K NBRERE C /N (Helminthos porium maydis race C, HMC) 7 % &b B [7] 4% 5 i &
Mo17-C Hl Mol7-N M- J Ko b 5 o iy JR A o A 5 aE A7 98 T2 . P 0 TG R T DNA 8 Jie H 9k 43 T 25 SR 3%
B . Mo17-C 1 Mol17-N ¥ i 8l DNA-ladder, H:ip HMC # £ F iR R 250 pg/mL B ,3ES 12 h J§ Mol7-C
L) DNA-ladder 5B & . T Mol7-N 7 HMC 8 % i & ¥ F+ & 300 pg/mL B, 55 12 h J§ DNA-ladder A i
WIS A B B R T A DU SR ] Hoechst 33258 %0 e A ik IR Ge i JL M T2 34, 45 R R W] Mo17-C il Mol7-N ¥
H TR I U T B R AR LA A T VR BRI M R M e (5 B 4 A B S L L T SR M B T 2 U A 3 i
S T P S T S T R, (H K AR R AR L C A0 R TR S T N AT, Mo17-C St HMC # % 1)

HURMEKF Mol7-N,

KR FOR/DBERE C /NP BEER EOKs T T

RESHES S435.131.4 MHFRIRES A

T KNG A T T A K X e AR Y — b
PN E TR A SRR N BEE © O
WEEZE KA EEERZ—. ERDERD
BOW W R & R DU R 18 W [ Bipolaris maydis
( Nisik. ) Shoemaker, 7 #: Helminthosporium
maydis Nisik. et Miyake ], 5% @ F & I TLHIESHF
FE  JB 21 H ] XURR i A R L A S R
5 iE B B (Cochliobolus heterostrophus Drech-
sler) . EK/NEEIRE C /NF (Helminthosporium
maydis race C, HMC) 8 & J& — Fl 7 £ L {b 1k #
R BE AR AR S M A AR T A 7 5 B L C /A
XF C 4 Jot 7 AR L A M 3 ™ E N I e bk
EHE R,

4 M PR T AR R AR P PESE TS (programmed cell
death, PCD)",J 45 24 240 Jfd A #-47 f D RE . H 72
YA M AR P PRI T R AESE T A R E R AR K
kB REES T EEAAE N G e v
T %o 95 B L TR R B 58 k300 ) o 7 SRR ) 4 L O
=W B 9% i 2 1 02 o B W Chypersensitive re-

Yo BT . 2012-12-06

MEHE  1000-2421(2013)04-0033-05
sponse, HR) , Bl FL T8 S 240 R B QL Al 9 ) » 75 EAE D
KA R E) PGB (R ik A N 52 S Ak L b
2211 I 80 5 R 9 AR A K T B
TEMY) R GRS T N (systemic aquired
resistance, SAR) it #Hv, K AZ 1= YL i) 40 il 25 & A=
KL PCD WG, R IT 4L AR ) T & 1R B
T T BUR ZE B (Pseudomonas syringae pv. toma-
to DC3000,Pst DC3000) J& , 7E 42 Flt {37 & Bk 30T 1 20
200 0 ek S 7 T P A R B A R B b BT R
AR AE T AR . TR BRI R AR e A
B AL 8 (CTMV) 5 T 5 S AR B M I A2 40 i 0 2
{8 T 2 e B Sy G 0 B ik A TR IS B, g3 A1 T 4 i
Kiih % A% DNA BB 8¢ B 42 464K 254 . TUNEL
(TdT-mediated dUTP nick end labeling) & ] th, &
BH 1 o 2L A T Pt S5 K 45 ) BB IR YR 9 S J5 A A=
W 5 R i 5 L BB TMV A2 e ot o s
REVE AR O L 2R AR A AR #E M it i B9 R G2 1 PCD Je
B R A T R AN [ ik PR YA [) 240 i o 2
F R IR 2 v L By Mol7 1Y [A) #% 5+
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Jot oK 5t A B AR R 3 L R A0 O T AR I e R
(Hoechest 33258 %G44 (4 F1 DNA ladder) W %¢ %
FNE S B AE AR PR g T A AR | S A
AL S BE R 22 AR Al

1 #MRERE

1.1 ik

B R EOR/NBERG 1 C /NP (HMCO) 3 oK. R
BT Mol7-C K H A - 7 & Mol7-N, ¥ H
AU A R ARBE 2 B 8t 4% A= BRAE 5% A 42 415 . NIKON
50 8 7 ' S B VT b T 91 R 2 A i B 2 2 e 240 i
SR E R,

12 HMC HEZW#H&

Z IR B/ LA 0y kAT
1.3 BFEHEREHH &

Z B S R S R W Oy AT
1.4 Hoechest 33258 &t &

W alifb ar 19 HMC 2 3= 20 0l Wi B 28 o1 & VK
50,100,150 pg/mL, 4b#J5 ik 5 8 T /40 55 Y
Tk fr. O HMC # % 40 5 4k B Mol7-C Al
Mol7-N K JiAE BT, 1.3.6 h J5 W4 4 Hoe-
chest 33258 %' e (0, A [F] 20 M ot £ oK & A= i 4 1=
L A TR
1.5 TR ¥ B B ik

W ali Ak 19 75 22 43 S B & ST ALV B 200,250,

300 pg/mL, %84 pH 6.5 1 PBS, 4AE4Hik56 E 2
3WHH HLPK AR RS 100 VL HLTESA 300 mA,
FEL VKB ] DA 7R R Ry o . R Dk e R R EE R, B
AT 120 mA,

2 #HERESMH

21 Mo17 EXFEAEREHAT 5K

HMC # Z 4 F R Mol7-C Fl Mol7-N E K J5
HE AR, 22 Hoechest 33258 2G4 BRI LA T
ANFEFEE T,

FE D B T BE A BT UL 2% B 48 Hoechest
33258 DYt T B IE F AN ML R T AN ME . IR 40
Jit ) A0 B A Sy €O, e 3 5 T IR Sk R i
P (B 1-A i 0 BHT Sk T o 08 T 40 3 0% 248
W G W (5 O, G L BB MR e IR T PR T
MR E TR TSR (] 1-B.C Har 11
ik BER)

FEHEAT Mol7 K JE Az 5K 1 U8 T 48 M &S
B, 45 Ak FLZE v b B O T 4B R S A AL e R RO
g 1 ARSI AR L

ifi 5 4k B E] A HIMIC 7 2 5 R W 0 4R
Mol7 K J5 Az B 25 7 A8 4 45 ol th i 3 4, 7]
DLAN AR B 2, RN A5 AR BT, HMC 7 % Ab 3
J5 i Mol7 TR JE AR R 35 30 T 8 T /AR e £
iR A mOR R G I TS

A: EAK(Mol7-C Mol 7-N) JiL A i 1k 2 PBS AbF 5 . A Hoechest 33258 3¢ 6 Ye (0 J5 41 #% 52 ¥4 50 5 (9656 (X 200) , After
protoplasts from corn Mol17-C or Mol7-N treated by PBS and dyed by Hoechest 33258, the nuclei exhibited uniform blue fluo-
rescence( X 200); B: HMC # 2 A H C 411 i (Mo17-C) T R A JifA » il Hoechest 33258 B0t R S B T-/MA (X 2000,
After protoplasts from corn Mol7-C treated by HMC-toxin and dyed by Hoechest 33258, appeared the late apoptotic body( X
200); C:HMC #H AT N 42 5T (Mo17-N) F K54 ik, i Hoechest 33258 3644 5 th LI T /MAFI IR ZE 40 /2 ( X 200) .
After protoplasts from corn Mol7-N treated by HMC-toxin and dyed by Hoechest 33258, appeared the late apoptotic body and

died cell( X 200).

B 1
Fig.1

Hoechest 33258 LB Mol7 EXFEEREHAT

The apoptosis of protoplasts from Mol7 genotype maize and stained by Hoechest 33258
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TfRL % BRI E SRS AR Mol7 JT-ra il

35

22 Mol7 EXE4& RGBT R

%38 Hoechest 33258 9¢5GYL {6 )5 , ki 4% 5 3%
B . X4 HMC # % s W 402 50,100,150 pg/
mL [ A BE 6 h JF Mol 7-C T 2K A ik i Kl T
AT N 2.83% . 3.83%.6.83% ; M HE R =K
JEN 150 pg/mL B, 4B 1.3.6 h J5 T oK JEAE {4
B RIAT R 9N 4. 00% . 4. 83%.6. 83% (K 2,
Mol7-C),

/%

Apoptosis rate

M

150

100
i/ (g/mL) Mass concentration

2 Hoechest 33258 4l Mo17 EXK R & REHIA T &
Fig.2 The apoptosis rate of protoplasts from Mol7 maize treated by HMC-toxin and stained by Hoechest 33258
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2.3 Mo17 E kK DNA ladder il

HMC 5 % F M 200,250,300 pg/mlL 4k
B Mo17-C B Mol7-N E K F, i pH 6.5 A PBS
SZ bR AL BRI R A X R ZE AL B 3.6.9. 12,
15 hJ& S Bt B8 A1 i kb B35 AT M B0 AS [R) R RE A9
DNA Bk 564 (B 3). 4iil DNA %47, T | %
M EIEAE IR SR IG BRSBTS B L R AR
A E AT AR S W B R ],

FH 3 Fhofe BE (10 B AL FE Mo17-C kM H L 7E 5
A 4b B () S5 S IS [ R B2 1) DNA BIR 2% . 7
AhFE 3.6.9.12.15 h J5, B ¥ B~ 200 pg/mL
BF, 254 B4 i S VR PR . 3. 5.3, e VR B
250 pg/mL B, Z 1 B0 S O R L R 2.6 1.
JEE W FE R 300 pg/mL L SR B0 A R R E L BR
B.3.5.2, HIULTT L, 8 R A H Mol7-C £ KA
F7HE 25 R BT 1 A 3T HE VR B Ol 250 pg/mL, Ab
FREFEIM 12 h, DNA bk 2545 Fifl 4 21k B2 s [a]
F1Ay 15 o HE 05 B 5 s i e B (R 3)

FH 3 R E i B R AL B Mol17-N TR F L 7F
5 Ak R ] J5 5 A [ B R DNA B AR 454
AL 3.6.9.12.15 h J5 . Fi AW E N 200 pg/mL
Ao % 003 0 R R VR .25 L VR, B A v
H 250 pg/mL B S B TR R 2.2.3.1, i
R 300 pg/mlL B, 50 B4 0 S TR L 3.3,
6.2, HTIETT L, 3 KA Mol7-N Tk F 7= A 4%
e B T AT A A B BT A VR B2 S 300 g/ mlL, Ak B[]
99 ho DNA FfAR ST bifi Ab 21 B2 R0 BT [a] ) 38

il HMC # £ 43 Mol7-N E K J5 2k B ik, #
Z W E } 50,100,150 pg/mL WL, 7E 6 h J5
T2RN1.00%.2.17%.3.83% . AbHE 1.3.6 h 5.
f£ 150 pg/mL B, JEA: BRI T2 55510 2. 83% .
3.33%.3.83% (& 2,Mol7-N), #4550, J5
Az BT B4 U T 23 I B 2K R 0 1 o R Ak S ] £ S
VT AS B 38 A0, Mol17-C 40 it o T K J AR o 4 1) 94
TR T N A0SR A A

— N w ks

=%
Apoplosis rate

50 100 150

Ji it e /(g/m L) Mass concentration

0

IS 5 e b B4 #a B, H Mol 7-N it e H 307 b
ZA5 0 A BV B KT Mol7-C i o &b 38 e ] 4[]
(K 3),

R 45 SR 3 W, 50 O0T BRAR H At 40 B4 1R B DNA
ladder B4, H C 40 M T Lk N 48 ffg 57 45 5 f 9,
[F] Pk i A7 7 fi A 19 Ak B B A ] . HMC 75 3% fiE
BT CON 40 BT £ oK & AR P T {2 N 41 i BT &
KR 7= A T R DNA BB AR S5 717 B 9 4 B v 152 K
T C 40 7 £ K B AL BRI A4S T C 40 BT £ oK L 35
BN 20 5T B oK X C 8 3R 9 BRI T C 40 5
FoK KR TN BT K 8 BT R R T C 4
S0E- 3
3 3

R 0 240 0 T Y O R 22 . HL s T 4k 2
SEREIY A A T — RS [ T IR E 1 SE TR
2 oo BN A A ) AR T B R 2 Y R — i
TR FET BN o B 2 B e D (A S e | e 11, B
P B TR R A ) I L A AR R A B PR B 5E
T[] B fih 25 A PR 2 JRR g Ao A G2 Ak 28 23 6% 977 2880 5
AT BT 9 S A B A A R RO B

Navarre 25 {38 Victorin &b F 5 Y 7 22 20 21
a4, Curtis P HE W] Vietorin #]
I 6 2 SR A 1Y) 3 35 1 DA T 5 2R A 3k 2 D) g
I115 5 40 M 2k A 40 i A2 P P SE T (programmed cell
death, PCD) i ## . Tada %" il Victorin 551
PCD S5 REW T H (Puccinia coronata ) 7= 1)

%
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1:CK,pH 6.5 PBS 4L Mo17-C # 4k H. DNA from Mol7-C yellow leaves treated by pH 6. 5 PBS buffer; 2:200 pg/mL AY

HMC # ALY Mol7-C #1k1 .
mL; 3:250 pg/mL fi§ HMC 8 ZALHAY Mol7-C #1k1 .

HMC-toxin with a concentration of 300 pg/mL;
same treatment as Mol7-C homologously.

& 3

HMC EZ 4B A E A E G

DNA from Mol7-C yellow leaves treated by HMC-toxin with a concentration of 200 pg/
DNA from Mol7-C yellow leaves treated by HMC-toxin with a con-
centration of 250 pg/mL; 4:300 pg/mL [ HMC 2 Z 4 B 1Y Mol7-C # AL .
5~8: MK Mol7-N, Hiflb 4 B 5 1~4 SR &k X4 B, DNA from Mol7-N, the

DNA from Mol7-C yellow leaves treated by

Mol7 E K i DNA ladder #& il

Fig.3 DNA ladder of Mol7 maize leaves treated by HMC-toxin for different times

Wk TR HR RV 3R 58 i B A A =2
Ab . Wang %74 AAL %?ﬂiﬁ%%%ﬁiﬁ‘z
T A PCD it 72,4 AAL B R AL B A % 4
A R PR T R A ) TUNEL e (8 BH 14 \DNA
ladder FIPAT-/MA , 5 HR Bk 2 g i B2 i L4
FHAL, BFE KB HMC R EX B0 £ &
AR AR TR TR S R OK AR e
2 M HMC 35 28 500 5 48 M 5T 409 1 AH G

A 56 i A R S K B AR 0 D A A, SR
FHZE Y 0 B S5 AL AR I R T84 . 1E 4 i mT
T i Hoechest ¢ % B4 BL . I1 58 48 M ) K B2 £

B, 55 AR 0eE 0 1 D B ORE AR LG L 7 TR 25 1 AR R A e B
oy X3 R T 40 - IR S0 0 M DL % AR el

A2 T A M A% b e A R B sh i 8 L E A
L 240 AN B 0 UL %3¢ 300 240 M A %o A B 0 T R A e it
WRT —EmiR2E,

A a6 45 S AT 0. HMC 2 8“0 5% 7 27 32 40 g
fh i AR L B A0 & AR S A AR B B DNA BBIR &%
WL A DNA 2 FRECIR, UL DNA B8k Bk,
HIA 58 22 B 200 bp BEERE A% R v B . A BF 5T
IEHZI R WE TR T 0 F 2 WA . A 2 ab
S Y W DNA BRAR & i 4 R DNA 2

TR T2 A T IR R L Y
5 JRE R 00 B A IR e ) A D
DNA #2R 2587 1) 42 A I 5 A7 B e 20 i K i
TP B4 O T 3R A B e R R I i ) 4 o i 3
T2 S i s U WO B R R AR = A ™
APl kAR EHOE . ARSI R BR
VA A A AR T A R R — 5 ) Ak
B ] o oo ARG P J3E AN BE A 2 = 0 7 A B A L
P o T B R R S 2 PR 40 3 R 8 240 L S0 L A
REA B POM AYROR . X AT REE — E WY B 3R IR A —
TE (1 40 B 8] BE 4% 0% 55 240 R T A G R FE TR

AR, 2R 2,

MR AR T, XA O F R R S A R
PEDL ] 5t e A
Z % X W
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Detection of apoptosis in Mol7 induced by

Helminthosporium maydis race C (HMC) toxin
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Abstract

Apoptosis in leaves and protoplasts from homokaryon maize Mo17-C and Mo17-N trea-

ted by Helminthosporium maydis race C (HMC) toxin were detected by DNA ladder and hoechest
33258 respectively., The DNA ladder result indicates that DNA ladder appeared in both Mol7-C and
Mol17-N, and the obvious DNA ladder in Mol7-C appeared after 12 h induction when the concentration

of HMC reached 250 pg/mL, but appeared in Mo17-N when the concentration reached 300 pg/mL. Pro-

toplasts of both Mo17-C and Mol7-N revealed apoptotic features such as apoptotic bodies, ring chroma-

tin or chromatin margination. The apoptosis rate of Mo17-C maize protoplasts were significantly higher

than that of Mol7-N in the same treatment, and it increased with the increase of treatment time and

concentration. So, it is concluded that Mol7-C was more sensitive than Mol7-N.
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