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WLEE/INZ Ve by IR L 40 0 e 7 3k RE L O BB A R L
ML A IRFL A0 A L R A R
T BE S AL B A A R IR R AE

2B BT AE 2 0 = I E ST A5 SRR L /N Y OE
WOk H AR IR FL PCD it A2 L ¥ K At 5 SOH: E
AT I NN ROS 25 T /ML IRFL PCD i
RV SR NE IR FLTE PCD 2 B o (5 538 % R UiE
FHOC T RE 25 BB 50 0 oK WL E . A BF 5T 4R O
Caspase 3-like 25 AL & TaeMCA || FEFH1E 1EH
AR /NEZRFL PCD it #2 v i A 4R VR L i3 — 20
B K A T Caspase 3-like 85 H 5 PE UL &
TaeMCA I 5N #5502, 5 75 8 75 W K B ie
F/NERFL PCD $2HiA9 5 A

1 BB 5 %

1.1 # #

R LL & /N (Triticum aestivoum 1L.)HFE 8
5 (Hua 8) A K, F 2011 4F 10 A fEfE PR K
SNAE B AT @A L 2012 4F 4 H ) AIF
4K (0 days after flowing,0 DAF) £ 8 FRricIT1E
22 H 3T 5 0 7 BAs g AR /INE (UFR i AR
/N . TE 0 DAF JF 4 3 47 M 7K Ak B, ¥ 7K B 8] 43
N2 KPR K 7 d(7 days waterlogging treat-
ment,7 DWT) Al /K 12 d(12 DWT), # /K &b Bl 5¢
B S 5 B 5t K L A AR i kK N 2
AR AR, J BN KSR R K (0 DWT)
Ib P
1.2 Evans Blue #f&

BOE# K &M 8 .12.15.18 DAF #f %}k
A5 . RH Young %N Jr ik, HE I ) R #4 r
B KT R U R 1) V) R B L FRIR A 0.1% Evans Blue
e P Yt 2 min, K PE 60 min, BUH G 7E R B4
B ( NIKON,SM2800,Japan) FWLEHI IR ,

1.3 BEZL MM Caspase 3-like EQBEFEMENE

% Caspase 3 F [ B 1% P 45 3 58 & (Beyo-
time) i 2 4 AE . BOIE# AR K &MFT 8.12,15,18
DAF # R I50 . 158 4% 4 15 mg IRFLA LU
A 200 pll MUY LU A I A R R L A
WWEEHE 1.5 mL B, KIB 0.5 h, 4 C4%& M
T 5 200 r/min, #.0> 30 min, B LW, % 2 %
MEOED ., B EAR T —70 CHRA.

F2 100 pL AR Z& P 80 pL Kl 2% vhif 10 pl 7
AL .10 pL Ac-DEVD-pNA (2 mmol/L) Y F ]

P B R VAR 2R 6 IR R 90 L KN 22 vh i L0 L
WA 10 L Ac-DEVD-pNA (2 mmol/L), 37 C
7 it . T BIO-TECH 2 & ELX800 M #5 1%
A405 M7 436G EEAE .
1.4 Caspase 3-like EREEREZHENE

AN FIBOE # A K ST 10,12 DAF /N2 5
RIFEEAL R E T AW Z R 0.5 % )% %
TR A 1 8 WP [ 5 . PBS ¥k 30 min X 3 R, Z B
6 BE i 7K (30 min/¥) » LR-White (LR White TM
Resin, London Resin Company) # g 33, —20 C
BANCRA B B Tl i B R (FLAR 149
pm) I, 0.01 mol/L TBS Z ¥, BSA #f 4] 15 min,
Pl WAPL TAEW . ZHPBFH 3 h;0.01 mol/L TBS
THVE 3 B 5 mins AR G 10 09 £ 5% TeG
(GA1014,BOSTER) TAEM . E FHEF 2 h, 0.01
mol/L TBS ¥k 5 min X 2 K, A ZE K ¥E2 K, F
K 5 min(LA E AP BRARTE S i Yo bl b 64 T) . R
MY 8 30 min, i FAXCGE K oh ks A7 G TR AT
e 5 min, il FZE K VL ; T8 )5 % 55 HL B8 (Hitachi
H-7650,Japan) F W E 541,
1.5 Caspase 3-like & H &% ¢ iE 44

Caspase 3-like 25 [ il 1 1 J52 057 ¢ O e €8 2 )
H Caspase 3-like & 7 % 7] DEVD-FMK 5 %€
JeYekt FITC (AR N B 5T 55T Atk A 4l i J5
HE A 7] 350 Hh 25 & 7% {1k B8 Caspase 3-like &5 E B, H 2%
O 1) 55 55 B S W il O 1 AR b . ARHIF9E SR H Caspase
3-like 25 1A Jilf oK R U0 R 306 M TR 2€ )6 Y € ) O Tk X
Hua 8 RFLAIMIEFT Y45, ##% Caspase 3 T %
JCTE PER I ) SR A, R 0.7 F1 12 DWT 4b
R 8,12,15,18 DAF By /N & B R 5 W IE 3L,
Tissue-Tek OCT 4583 compound(Sakura Finetek,
USA) #4743 38, 75 9K ¥k Y1 | AL (Leica CM 1850,
Germany) Y1 (BEYD VTR JEE R 20 pm., 286
I8 %% (Nikon Eclipse 80i,Japan) W<, #% & 6K K
450~490 nm,
1.6 TaeMCAIll EEXRE=HMN

FIFH SYBR Green Realtime PCR Master Mix
K7 & (Toyobo) , A Bactin N ZIHH, #E 170-
8792iCyecler iQ Calibration Kit(Bio-rad, USA) %}t
PCR Y B TaeMCA 11 FF M F£E B, 20
pL RBiAZ J:1 pL cDNA #iti . N2 5 B br 5k K
S (F D4 0.5 ul,8 ul. W K,10 pL. SYBER
Green | ,
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Table 1 Sequences of primers used to analyze
the target gene expression
319 Gk 74/ bp
G
EH Gene Acc.No Primer sequence Product
[F15-ATGAAGGTGCAT-
"AGGTGAG-3'
TaeMCA 1l GU130248 ¢ o 130
[R]5-CCCATATCTTGT-
TCTATCGCCG-3'
[F]5- CAGCAATGTAT-
. GTCGCAATC-3'
Bractin AB181991 135

[R]5'- TAGCATGAGGAA-
GCGTGTAT-3

2 ZHRESMH

21 INERI KX EFTIEH PCD fn Caspase 3-like
EOmEY

1) Evans Blue %%, Evans Blue H X}t 40}
0 A S s B 68 SN, AT R A DU A ) A

it PCD it # ., WK 1,46)5 8 d(8 DAF) . /N H Fz
Yo b B € IR FL T FUA TS i s g (A 1
AE);12 DAF, /N2 IR ZL v 52 B0 W) 5 0 38 €8 )
INE o H 35 €8 A5 B AL 23 A 6 IR LAl B b (& 1B ),
15 DAF, i 7L 40 il o 3 €8 % 12 DAF A Jrom 3%
(F 1C.G) ;18 DAF. LA M 5 %% 15 DAF #5 (8
SECAA R (E 1D H) . Z5RER.DERILL
Evans Blue ¢ 0 J5 78 12 DAF JF 46 90 B 19 %
J2 I 8 B L B 2L 40 L B kAR PCD, Z A B &
AN RFLAN A & B AT IR FLAE 0 Wi IR FL
20 i v BT T 1 AN M A TR £, PCD Bl 22 35 7 1 58
)W FL I Caspase 3-like 25 1 B 15 4.
Bl 205, 4622 8 S IRFLAN L M 10~20 DAF , ¥ 5k
il B Caspase 3-like sE HEE G P, 10~12 DAF
EFL 40 ifg Caspase 3-like #5 P B 06 P 2 W 388 5 L I 7E
1 2DAF (IR 2140 g W JF b i 47 PCDB ) 3 5] 5z /8 1 .

A-D NEFAETILE R . A8 DAF. KM F|HE @M ; B:12 DAF.EMRFLALUh LS B W B AW R s C: 15 DAFJRFLA LU P
VK s D:18 DAF. ¥ @ b Mgzl ., E-H A A-DIRFLHAEE R . A-D:Crosscutting of wheat endosperm. A:8 DAF.no blue stai-

ning was observed; B:12 DAF, weakly blue staining was observed; C:15 DAF, strongly blue staining was observed; D:18 DAF, more

strongly blue staining was observed. E-H: Longitudinal cutting of wheat endosperm corresponding to A-D.
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Fig.2 Caspase 3-like protease activity detection
in wheat endosperm cells
12~18 DAF R4 il Caspase 3-like 25 [1 [ I T
B AR, {H 15~18 DAF KRR F54 5 A9 Caspase
3-like 25 IS £, g AT, 240 2 IR L WDOT IR

INZEBEZ Evans Blue 3t &

Evans Blue staining of endosperm cells

AT 40 AR P P FE T, Caspase 3-like 75 [ B 145 P4
R,

/N RFL M Caspase 3-like 25 o 555 H
BEWLEE . N IRFLANMIAT R /N 3 RSB GE K
PRE L RN BE AR E HR X 10 DAF Fll 12 DAF
LA P Caspase 3-like 25 A B 47 B HUE N, [F]
B X JE B MR OB S AT SR, 45 R BOR. 7R 10
DAF JR 3L 20 A v 8 % 0 25 3] /D B 19 10 4 4 UKL ,
AT /INGE B A (I 3C) . T 78 IR 2L 400 i 1% 400 it
B AR LA K 20 A B ST A WL 4% 81 A 4 R
MFETE . 12 DAF . RZLAR ML i 30 e HLAR UL/
AR AR A DE oy o A B Y 22 AR RS R A DE S T
A w5 3] A0 J AR 4 UKL 3 B (81 3D-D L FE IR FL
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A JVEFL A e R R 325 8 (bar=10 pm) s B XM, RA— 3T (bar=1 pm); C:10 DAF, I L 40 M /N FE B 57K v, I 1 4 9 ks 45 20
(bar=0.2 pm); D:12 DAF, 7L 241 A v ¥ b B M A r 38 K, LI ik 4 UKL B 38 22 (bar=0.4 pm) 5 E:12 DAF. JRFLA AR P i &R A
f& (bar=1 pm); F:12 DAF. J& 8 JF 1A I H B 1R 4 Uk (bar = 0.2 pm); G: 12 DAF. A B 38 8 /AR E & (bar= 0.2 pm);
H:12 DAF, IE 78 JEAT 1 284 B A0 3 4 B 1k (bar=0.2 pm) 5 1:12 DAF, IE 76 BT 4 45 394 B 00 V8 ) B4 (bar=10.2 pm) . am . 3 BIA 5
pb: A s sam  ANFER A . 7Sk T 4R AR £ 4RE . A Overall observation of endosperm cells (bar=10 pm); B: Control, with-

out primary antibody (bar=1 pm); C:10 DAF. few gold particles exsited in the small amyloplast was observed (bar=0.2 pm);

D:12 DAF, the amyloplast became bigger and the gold particles increased obviously (bar=0.5 pm); E:12 DAF, many protein bodies

were observed in the endosperm cells (bar=1 pm); F:12 DAF, gold particles exsited in the amyloplast were observed (bar=0.2 pm); G:12

DAF, single amyloplast (bar=0.2 pm); H:12 DAF, the proliferation of amyloplast by budding was observed (bar=0.2 pm); 1:12 DAF, the

proliferation of amyloplast by constriction was observed (bar=0.2 pm).am: Amyloplast; pb:Protein body; sam:Small amyloplast.
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Fig.3
240 L FL Al A5 8 A WL B T ) AR 4 R . T
DLW 5 1) 3 by o A4 w] DAGE 3 1 2F DL K i 4 2 B =X
HEATHE A (B 3H . D o AT UL, /N2 IR 40 Bl v 77
1£ Caspase 3-like & [ , H 1% 8 1 32 22 € (L FE IR
FLVER BRI, O HA o B ek
22 #&IKEhE T/INZRF B Caspase 3-like EH
MmEEREERREZER
DIEFL MM Caspase 3-like 5 H B 1E P 2¢ % M
SE . B 4 AT LE 8 DAF, IE # AL B R 78 /N 22 F ki
A Bz Be % W 5% 2 B S 1Y) S 60,58 1 R 3L 41 21
H B8 W58 B4 155 i gk e 26 (1 4B) 37 DWT
EFRE  JRFLAH 2 i a0 5O A BT g 9 (B 40D,
EH KA 12 DAF. IRFLAH 4 fig i W5
| L RTAT N ISR B TR Sk i e R SR
(K 4Dy, BIAREZ A B B ) Caspase 3-like 25 H
BEiE ;7 112 DWT AT, NERFLA L h 4 (A
PGSR (F AE.F) , Ui Caspase 3-like 5 [ i 15
P FE W K 38 R G R , I LR A W 2K ) Y SE L K
RENIAE ., 76 15 DAF, EW AR FZMHTFIRAL4H

FEFL 48 B8 Caspase 3-like EHHE R B B RN E

Immune electron microscopy oberservation of Caspase 3-like protease in endosperm cells

LU e M B4k (0O, A P LT 55 T8
A WRZL o 20 L 285 40 B o B (181 4G 37 Rl 12 DWT
SR L SRt B NG L R FLR R 2 40 R R R
e (| AH. D, 78 18 DAF, IE® &M FAEKR
JV L 4 B O R 8 UL 45 B 4 €5, 5O, B 2 AR AN B
56 R 1 240 L 235 4 A0 B )23 i L A4 i s 0 A 1 £
2¢ W6 (B 47) 37 F1 12 DWT AT L &% (056 615 5 hn
S, VR ELOR A 2 Al AR R EE R B S B Ak 6 9O
(4K L), XA FE R Z6E S (B 4A),

2) /N RFLANML TaeMCA 11 3 P AR XF 2 35 5
EWARZIT NERFLA M TaeMCA 11 H P AR
YRBEIEARIFAL, 7DWT b F,8~12
DAF iz 5 M Rk 25 T IEH A B Rk & 15~
18 DAF,iZH KN KL F M TIEW LI, 12 DWT
W RFLAI M AE 12 DAF i, R B ks, HE
FREH 0 F1 7 DWT &3, B J5 TaeMCA 11 £ A
KB EBHREACW G E ., 4558 BoR BRI E T
ZILHTE 8~12 DAF 2L L WA K BTN PG
B 15 M 18DAF , /K b PR L % 5L N 3R 38 2 A



5 419 5] #f 55 . Caspase 3-like 25 A Al TaeMCA 11 Je[E X /22 IR FL 40 is PCD FY 5% i 5

AL, 8 DAF.0 DWT. JRZLA0AE 4 JE 4% @526 H B ; B:8 DAF, 0 DWT. IRFLAN ML N /R 55 4 (45t ; C:8 DAF, 7 DWT, IR HL
AN ORISR A% (A58 s D212 DAF.0 DWT, JIEZL 40 i N R $Eoim 4% (19805 E:12 DAF, 7 DWT, JI FLA4A I 4 18 7 AR 08 & €592 5l 5
F:12 DAF.12 DWT, RFL40 P B8 Wi 986 ; G 15 DAF .0 DWT, IRFL41 M B R &t (98 s H. 15 DAF.7 DWT, iR 7L 41 i
WE/RRIREEHEG; 115 DAF. 12 DWT. IR FL 240 M A 2R Al 3 4k 965 1. 18 DAF, 0 DWT. 3L 41 g 4 12 7 52 4% 8 9¢ 5
K:18 DAF.7 DWT, JEZL 41 N BR B IR €5 %; L.18 DAF.12 DWT, JRFL 4NN B aRIEH RE A 5%6, en: BT al . B8 2 s pe: B
s i AR =100 pm. A:Control.8 DAF.0 DWT.no fluorescence; B:8 DAF.0 DWT,green fluorescence was very weak in wheat endo-
sperm; C:8 DAF,7 DWT,green fluorescence was stronger in wheat endosperm; D:12 DAF,0 DWT, green {luorescence was stronger in
wheat endosperm; E:12 DAF,7 DWT,green fluorescence was stronger in wheat endosperm; F:12 DAF,12 DWT,green fluorescence was
stronger in wheat endosperm; G:15 DAF,0 DWT,green fluorescence was stronger in wheat endosperm; H:15 DAF,7 DWT,green fluo-
rescence was very strong in wheat endosperm; 1:15 DAF,12 DWT, green fluorescence was stronger in wheat endosperm; J:18 DAF,
0 DWT,green fluorescence was strong in wheat endosperm; K:18 DAF,7 DWT, green fluorescence was stronger in wheat endospermj;
L:18 DAF,12 DWT,green fluorescence was very strong in wheat endosperm.en: Endosperm; al:Aleurone; pe:Pericarp; bars=100 pm.
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Fig.4 Fluorescence detection of Caspase 3-like protease in wheat endosperm

3.0 — LB 4R R I BT R
5]
£ 2.5 m . .
w'd 2.:) ;Zznl\)\\\l'r KT B
2 Caspase 3-like 2 F1 W2 209 40 iy 1 7~ i 4 of
g3 10 BN T, EMRE T E TES T LRk
el B IR™S UMM % oo SR )5 4E Caspase 9 2 P WG 8 19
R 12 15 I8 W F 1 (Apaf-1) YA K& ATP L [H/EH T 85
JFAE G a)/d DAF Caspase 3-like % El @E EI/‘J 7}%&. ?ﬁLw 21] . iZ% El @E E,:J ‘?ﬁ

RS E i PCR 530 . L Bactin g BRI . Error bars & A 155k 40 JL 08 7 3 AR A] 356 B B i bR s . I 4E 3K,
AR 22 . DAF.JFAEJG KRB DWT. K BB RB e gp 9 1E W 78 M ) vh A2 7E Caspase 3-like 25 [ 7i ,
Assayed by real-time PCR. Error bars represent standard devia- #H%—%*ﬁ% PCD %ﬂ*ﬁ%ﬁﬁ*ﬁ;éﬁ%& .

tion. The f-actin gene was chosen as the reference gene.

B 5 k% TNERILEM TaeMCA I FRRERER, EWERFHT N 12 DAF
EEAMEEETH Jris I FLY M Evans Blue 4t 635 @ B T, i B iR

Fig.5 Relative expression of TaeMCA Il in endosperm cells L PCD 7 BL i I 4 #5475 [7) b Caspase 3-like HEH
under different period of waterlogging treatments T A BT P R I 25 IR R, IR LA AE P Caspase 3-
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like & 1 B 05 P AL AR 5%, Ud BH 7E IR 2L PCD W A& A B
Caspase 3-like & [1 B 3 1 i i, b J§ Caspase 3-
like 25 [ 75 PR A B B R AEAR AR A i . W8 /K Bl
T AENE NI F BRI, Caspase 3-like 4 H i
HEEWIRSE . UL Caspase 3-like R HEE AN S5
TIE®ARKSMETHIRZLAM PCD #E# , mi H K
JBhE Tz R R AT VT RES S TR FL PCD
AR AT .

ALY Bk 27 PCD B A&
AT A B A B A ). ER R R
R 2 A B ¥ A I AR S LA R K i I LA
M gL i s =, A IR AR KRR IR 3R B
SETEAHIESE T & B, 70 R L4 i 2 & R v S 0L R K
AP 15~18 DAF /INZZ R FUM B J2 40 i vh A7 78 4%
B %) Caspase 3-like 25 H B IGPE . MEMRFLE®H £F
1) I 399 LA S 7K A B 5 B2 B /N IR 1 L T KR 2 4
B H JLF WA B Caspase 3-like 25 H BTG TE, X —
WAy i — 2L BT

5% & PR, metaCaspase 8 HTEH H, O,
W30 PCD W5 5 & 72 v ke 21 5 8 1E A, 1] an
H, O, BEH% 15 T MU B2 B: & 4= PCD, {H £} meta-
Caspase & H (YCA1) B9 il b5 i 13X — 33 782 0 ¥ 58
A TR R R A LT (Botrytis cinerea) 12 YLl
FS8FEmit i &4 PCD W) 72 5, metaCaspase
I mRNA %%ﬂ(qzjiﬂ:ﬂ[%] . £ UV-C il H, O, %‘
YEAF , A 3% metaCaspase-8 (AtMC 8) F& [K #8
ik, FEUF A R PCD #E R fin bk, HoaiBR iz N 2
Jo AN HAE T AR B BRI . AR A R B E T X
—RLIERAER ST NERIL TaeMCA 11 ZEH
Fak B HACREFAAS - 5 R WKL HEAE L, WE K i 3B
TR FL PCD JF & Z Hi (8 DAF) KL K JF 46
(12 DAF) I, TaeMCA 11 5 K 3 35 & B 3 T & 5 IR
FLEB TSI, 2% 5 3R 8 5 LR M K b B B 3
TR, BEELE E AU 4 R E IRV /N &
PCD i 72 v ¥ 7K A 348 5 350/ 22 IR ZL 40 i B | 4 i
T ERRAR AR H, O, O, & i Fh im0 K 3 R
INERFLAE T ROS R E MR Y TaeMCA 11 %
PRI ER 2 38 1 1 IR 4% W 45 fy itk — 2B AR .

EN L U o = W AN 9 R O
PCD YW1 . Caspase-3 like 2 M 15 P B 1 55
W K W 30 fH 15 TaeMCA T 3 N 15 388 % 35, H
Caspase-3 like & [ 8§ 1 1 5 [F] B ] 1E % Ab 3 1
Tb. H#EM Caspase-3 like #5 F B 2 5 1E # 5 31 40 i
PCD #E 2 ; W8 /K 1030 T, Caspase 3-like 2 [ B 7% P

THiR & TaeMCA 11 2 Y 9 32 35 5 IR L 40 s PCD
HERR AR A 2 I AR O, 5 B A 8 45 B AT 1 gk — 2D
W5,

Caspase J& T bt 2 IR 15 H il . J2 40 g 04 T i
FErpi EEMA KRBT U, BT MRS pro-
Caspase-3 FITE PR W cleaved-Caspase-3 7 7 T
HHE 5T . 2 pro-Caspase-3 #8Y Y) )5 ) pl7 Al
pl2 2 AN T 7 A G R SR, A BE S R, D
ZF MM H Y Caspase 3-like 25 H B 3 % E 7 T
2 v %) 3 JBT R 3 T L 4 I BT R B i A 4 UKL
AN B b R A R — 2P T

2 % X #
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Effects of Caspase 3-like proteases and TaeMCA [ on the programmed
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Abstract The Caspase 3-like protease activity and TaeMCA Il gene expression during the process
of programmed cell death (PCD) in wheat (Hua 8) endosperm under normal and waterlogging treat-
ments were studied in this paper. The results indicated that, under normal treatments, the activity of
Caspase 3-like protease was higher in the previous phase of endosperm PCD (12 DAF) ,and the protease
was mainly located in amyloplasts of wheat endosperm cells, while the expression of TaeMCA Il gene
was similar during endosperm PCD. The Caspase 3-like protease activity and the expression of
TaeMCA 1l gene were higher in wheat endosperm after waterlogging than control groups in same days
after flowering. Above all, the Caspase 3-like protease participates in the PCD progression of control
wheat endosperm. The rise of the overexpression of TaeMCA Il gene and Caspase 3-like activity may
cause the endosperm PCD happened earlier under waterlogging.

Key words wheat; waterlogging; endosperm PCD; Caspase 3-like protease; TaeMCA Il gene
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