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TEMETAREZALAMNE.,. T A XEBRIEE
RA, T, x| X8, TXR>
i P R R A R S B, T 11570228, e B BT AR DR 2 B A AR M R 7 B, 8 11571101

WE: UARFE G F At SC1245 RatF 5o At Arg7 A 4+, AR T F 1826 d, oprsbidi2 PR EAT R E. FAT
AR, A AR R KB E M AL, SRE: T T A SR AT R A P AR Y T ARG IR Y A,
Mt B ENE, BEERAEZEE T FEEATHEEZNN, —EREATIMAT, AEPHESLEREE R HELF
&, mEEASE LitE XK, 5L FF e EAEA SRR T EEL AR ABE L REGLY, nESETFRAT, T
ARG A KM EK, SR B K. TFMEAT, At F e ATSCI24Z AT R E. FAFTEELSE ST Ao
FrArgl. REZMH T AR KEOED, KOS EMNEARAFLELRE T, T FMiATFSCI245ArgT L E 5 ¥4+ 6954

LY DI, T FE T 4+ ADPGEAEBRILER(AGPase). B BRILER(SP). -7 )B4 B 456 A B4 (SuSy) & 1%

# M) ALAEBR T I R B E A3 o,
KEEIR: R, T Fhih; Z4F; TR, i, B

ARZE (Manihot esculenta Crantz) &t i = K%
FAEMZ —, T ZFAEEAEM . R b T 3%
PG . G HL X (FAO 2014). A ZE (i A
1 80077 /A b, fif 2 5 7 52 6420, S 4= BRE B Y
K. BEVE AR KIE . FiliH20204E 4t F A
SRR IA BN 2942, AT T FE 5 60%
(Westby 2002). 7EARZKIANH UL EHAEKKE
WIE) 5 52 &P SR R i sg g, Hp 2832
MR Rz —, mEEZHRBR 8. HRiERE
AT ()7 Rk BB AE P 5 12.5%, K FEIA
B 7 VBALE B 1180% (OkogbeninZ52012), KT
RARZE RV O R R e R A EEE
X REBANNRBHFBIED, HAR FR AT K
et 3 mEL_E 7K 34T 5 (El-Sharkawy 2004),
I ALK A 58 0 B A AR ol BB, TR R ) 32 2
T 5l 2wk 2 o A, BLIR 2D OK 43 78k (E1-
Sharkawy 2004), 52 2|12 W8 FIARZ 8 L5 155
T2 R T B3 R B LR Bk R 9 FE (Alves Ml Setter
2004), - MriE N, AR R R A g DAk
KA FE(Alves FlISetter 2000), & 7K 5 ek & &
1B A K (Lebotd52008), A 5 R B 19 3 A e
R 9 Pt 7 68 /1(GehringZ52017)

R I VA5 W) 50 A A T 5 3 (R AL
il Z —(Smirnoff 1998), W] V& ML & B2 1%
TN o A S AT I A 0 ET E E DA SR
B A% AT e IR T R hig . 55
Z(2013) IR AR B AR S m VA PR AR 2R
B, $Em T MR REERE . RS IESE(2015) K

T B e R AR AR R R AR SR, HLBE
I i R B3 AR RIBETIE N . B EE(2016)
R 7K 3 A8 R 1S 5 5 e i (] (R S G, AR
R ERE SE BT TR . Han%§(2016) & 30
RE R RS B S M 7 RRKRE ) BOEAE 5% .
H T, AMIFEZEE TR a ™ BAua -
FAEA A5 E R PR AR RS B AR Ak, T2
W& TP R E —— I R AT
se B T IR () B0k R (B ) i )
8, AR RWWOK S 550 763 18 ¥ 2 _F
IR AL, AREZEAT AR RS R R KA S )
(DuquefliSetter 2013), T EAFEERE. R, R
B BE L e SRR IR R G52002), HE &S
MR R RE 77 YA FAERE JT DA B
X A0 It A8 T ) 22 BE 0% D) AH R (Lii5E 1990,
Wiirth%52005; MyersFliKitajima 2007). | i ARZ 1
T 5 a2 AT A R AR L, DR CERT AT
VER (PAE LR, T AT AR S i R AR S AL
HL A EERUME, Am B R o E R A
BIF 50 R FH i 1 22 S B S IR0 2/ R 3 b, ek
BRI, B EMNT T 5 M g R 2 A f i 2R
FF R JE AT AR rh Rl s VRS L UE R I SRR A
FHOR BRI 1t 1 22 Ak, TRV EATESU R R IER, A
BB I 5 Mg R AR SR A AR o

Wi 2017-04-05  1&%E  2017-05-12
BB EEARE AR R (CARS-12wwq) FliE R KBS
BFE 4 (kyqd1426).
*JHAMER (E-mail: wangwenquan@itbb.org.cn).
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MREREE

1 SRR

SEIG K FH 2N K 2 (Manihot esculenta Crantz)
s, ‘South China 124’ (SC124)5j‘Argentina 7°
(Arg7), 35 i H [ BT ROL L2 Bt #irs A P4 R TE
FEHTE LA T [ $ it . FLrh SC124 v [H #4
WA R ERL IR, £ 945 77 XHET R 20
R, X . Arg7s2 5] BRI R b F, A
T 5
2 WA
2.1 PRLERSAE

MR TR ZHEFEEFQ00) M Tk ¥A
MLAE AR 21338 132 1:50 L A5 VR 5 38 SI A sk i 5,
B AR N IR, AR AR R L T 2930 kg dEHX
JRER—BIAREMZE, YIRS em&i KR,
BEAT ELARRRES, B IR . R AR K 90~100 d,
Rl mzids, I 3 — W AR AT T 5 e
Ab

201 24 7E g B R 5 X =5 ARl AT T 5 il
ACER, R R FH 3K D e A (SM300) i 2
FIEEIKE, 5K ENS50%~60%, T 5 AR HE R
U A K5, 0 HEORRR IR K. IEHBEK
AT 543 23 I ARIC A SC124CK. Arg7CKAN
SCI24+ 5. Arg7+5.

HURE 5 T Ab £ 5 7% 2 e T B a3,
6. 12, 198126 dHURE, 15 A BEALX IR 4510353
Mo ANTO030 56 4 R FF I v 1a) R it 48, BUER 6rt 3125
15HHIZE, 23 PR ER 43, — 053 FH ORI g W I 1
5iEk [ 224 70 BOZ JZ A28 7, E105°C%
720 min, £70~80°CHLT R AHHE, R YIF 1%
BUA A ok AR (80 H i) 15 5 — & 70 B e ik b —40°C
TRAF, FH R 5E B v o
2.2 AEMERERINE

K AR ik . 0.5 g, 10
mL 80% Z %, 80°CiZ#£40 min, 11 100xg & (»5
min, EE3X, &I HIGH, ROKIBZEK LB, 5 mL
BAK IR, KA =111 &, H120.45
pm B 8 2 HLE I E 2 g, FH & RO il
% (Waters USA ¢2695)ill & Al A PERE . (il 26T
A: Waters NH, 8 1%44:(150 mm x 4.6 mm, 3.5 um);
PN LJE:7K=70:30 (V/V); i1 mL-min”; Al

30°C; HEFEE10 pL. Z& A6 #8 (ELSD 3300,
Alltech USA), SARiit#E2 L-min"'; BB ERE
85°C; i 2. MAMEMEE 3K, FEWE.
BIRE . U EERE AR S, ST Sigma A F]
2.3 EMEERINE

ZEATRRIE(1985) 1714, UG L ikl e
2.4 SEMRIFIHEER SR

M T 56 4 J I it 1) R -, B et £ 5
7k eh R ZE B, F4.0% % S [ 2 i 1, —80°CAR IR
AT, 3 L4 (Phenom G2 Pure)ffA iR, M%E.
2.5 PEAKIGHHE X BEIE M E

ADPG £ iz (L (ADP-glucose pyrophos-
phorylase, AGPase). V& #) % {L. 1§ (starch phos-
phorylase, SP)[1J#HURIE 14l 52 2% Nakamura®
(1989), NakamuraflImamura (1983) 7%, LL&E
SERE T WL AT pumol- L IR 47 5 D 1R T SR
Pr[U-g" (FW)h']o -3 B A H BRI 5 2525 41
F1(2003) 1771, DA AE T hN =421 pmol 5 4
PRI BAAI[U-g' (FW)-h']. JERE S B (sucrose
synthase, SuSy) )4 BRI TG P 5 2 % Fh 21 45
(01D 7%, PARESERE il hy ™= A1 pmol 7] %7 B
I BAIU-g" (FW)-h'].
2.6 HIENIE

5 BOHE B3 R R T A 4E, R 6 R SR
Excel {4 (Microsoft 2007)i3E4T HE 4b A & .

SEIEER

1 FEMETAREZNPHAAMRENT L

RET R4 H, ARESC1245 Arg7ZFF ik h
VA VEREAR OCH T & B (RT=4.8) . RAE(RT=5.5).
FEBE(RT=7.7) 3F0(E]1-AFIC), T+ F A2 &
() ZEAT HAE B DL B30 Ak, 6 I T IS A (RT=
9.6) (K1-BFID),

AbFRIATE], IEHBIKIARESC124 5 Arg7r
FERERE S BRI EE T RERES. T RE T,
SC124 5 Arg7h A N & & B IS8 B T IEiE
#o Arg7 TR AbPE6 dRERE S B, O (17.23
mg-g ") F124.82%, [ i HEAE A U R B, 7526 ditf
B2 LE o FREG27.23%; SC124%% T 52 b H R A 25
& ETHE, BTN, 7519 Dk F iR E, H i
PRS2 m16.41%. T FWiE12~26 d, it 5
FhSC124 BENE & & =y T A il Arg7 (E2-A).
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Fig.1 Chromatography of cassava stem stele samples
A: IEF FRKSC12494E; B: TR ESC124914E; C: IEH Be/KArg7 4 D: T R Hhia Arg7H

AbFRIAIE], 1EH BKIARZESCI24 5 Arg7Hh i
AEGEEURE T RES . T 2HhiET,
SC1245 Arg7 it b & AR A AHAL, R
B _ETHERA, —EWE12 IR B KE,
X R 52.36%F121.47%, B T S nE, 7
19~26 d SC1245 Arg7H % 1 SL0E & 2 PUs B,
26 dHHE B 0 ol Lo R P {147.82%1181.58%

TRl R, iR FSCI24h kR ES & —HiE

TR 5 P Arg7 (12-B).

IEH KA ZESC124 5 Arg 7 B 4 45

B NEZE. TR, SC1245 Arg7 T 4]
P& B S BB, 12 A B,
43 T B R 86 11148.05% H1137.78%, {E19~26 dffik
R, 26 dH R S 2 BT R FEAIR32.85%
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Fig.2 Contents of soluble sugars in stem stele of cassava under drought stress

A: JBERE; B: FHE; C: 48 D: Hgim .

H76.34%. TR Wpia~, i 5 P SC124 7 AT Hh 4
HME O E—EH A T AN RS Arg7 (B2-C).

TEH BRI AR ZESC124 5 Arg7 R A H i 5
B FRMHE TR, SC1245 Arg7 254 A2 tH AR
Z GRS, SCI24 A M & B2 12 diwim
(3.14 mg-g"), Arg7ifg LI [ /2 756 d (3.06 mg-g™),
B 5 T 5 I ) S K LW B R K. T R Ab
FH12~26 d, it 55 A SC124 Hh ki v b & B vy
ANTR 5 il Arg7 (512-D).

2 FREWMETAEEZEFEETBMENTE

5 ZEFF b B T VA PERE AR A SR AL, IR ROK
SC124 5 Arg7 Bz JZ W] I HERE R IR A &1 RS . R
BE. RERE3FP(E3-AFIC), TR A f5SC124 5
Arg7 254 12 2 B T i EERE (E]3-BFID) .

AL FRIA], IE % 52K SC124 5 Arg7 i |2 o e b
TEBUAKR. FRMHE T, SC124Z54F 5 E H i
#E@%ﬁﬁ‘f‘aifim@%w%% 6~19 drs Txf e,

9 dik ) K1H, BLFH%@TM,ArgW}:’ﬁ%ﬁ/‘
B RIRW RS, 26 dISA BT 7612 dRTArg?

RS E EHm T, fE6~19 diif 5 5 FSC124
B R TERE &2 T A 5 A Arg7 (El4-A).

B Ba/KSCI24 5 2 B0 & & — H m T Arg7,
AP RS 2R A R TFRPET, SC124
M Arg7 5z JZ FWEE 838N, 7612 ik 25K AE, 535
EE X R 5143, 75%F160.01% . BT 51 5] ZEK:SC124
FIArg7 FHE & S PUE K, 726 dFBE S & 750 b
X HEE34.04%F145.54% . BEAS I HE, i 5 i ol
SCI124 ¢ = S bl & & = T AN 5 i Fl Arg7 (K14-B).

1EH BEKSC124 1 Arg7 Bz 2% %) i & A4k
K. TRIAT, SC124FArgT 7 2R b &
R TR, H12 dAf AR AN K, s T 50 [A]
FEK:, BRI TR RE. 719 dRT 5 ASC124 7 )24
B R T AN R A A Arg7, £E26 d, A R
HIERE & 2 22 AR (E4-C).,

ME4-DRT LU £, T2 A T, SC124.5 Arg7
B2 IR A R . TR AL EE12 d,
SC124 J [ il 2 B dp vy, BE WA ) 28, 3
G N, ArgT B JZE NS S B i 0 I T




AR TR TR AT AT TN SR SR R A LR 799

A
400 ﬁ
300- \ §§ R
> g Y b
iﬁzoo— A 3 "
% “v‘\\ 0 :
E 00! L I \ @
o e A N A —
o 1 2 3 4 5 6 71 8 9 10
i 8] /min
B
400+ P
/\‘A\ i Lk
ay 21 x A .
@ 200 \ \u" W ’f I\ o
E 100 / l‘ [ || 8
f E— A\\M’\‘"_”/;\'L‘“ R KJ k . N
o 1 2 3 45 s 71 8 9
i 8] /min
¢ ]
100- ¥ W
> | [
£ ﬁ o fo" (]
2 /V\\/\ - A
£ JJ! | /\j lL " |
0 —— — e e e e e o e L e I e L e e
0 1 2 3 4 5 6 7 8 9 10
i 8] /min
D
A )
400- # 4
f‘ LI
E300— [\Ui “w \“ ? § §
@ 2001 / | | <
o i \ \‘“ o S i
E 100 / (L/ML\/\V\A ‘( \ N g
0 ‘ ‘ [ — \ A B, W— K

(=]
—
N

w -
.
W
-
-
oo |
0 -
—_

o

e 18] /min
B3 AR AT Rz )2 T 1 i 5]

Fig.3 Chromatography of cassava stem cortex samples
A IEFBIKSCI24 % 2 B: FMMASCI24 % 2 C: IEF BK ArgT 2 D: il Arg7 K 2 .

a3 dif. T2HE F6~26 d, fif 25 FSC124 B2 TG FF s, (BT 2 0a a4

B2 AR O B T ArgT o RBCT I Bk Mk SC12425d ik & |
3 FEWBTAZEAF DTN S BT FHig B KT Arg7 (JE15).

KEFRIIE], IEHBRK, SC124MArg7THAEVER) 4 TEMETAZEETKEEM S EEN
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Fig.4 Contents of soluble sugars in stem cortex of cassava under drought stress

A: FERE; B: JLBE; C: A& WY, D: M.

ST, 26 dEL3 d T £9.09%. 1FH Bk 30 [ TeTscuEs _x_g:ggf
Arg7 JJZTER & ISR/, 26 dEE3 AR FE 29 1
1.04%. FSBafESCI24fArgT R Eiekh e 2 3
TR, (PRI K, 26 A3 e BT 3 2
1.40%F11.78% (E6). B
5 REZNSEHIFIEBERENE g 2u
1E B /K ISC 124 M1 Arg7 25 rhokE Fl R )2 v 1) B o3|
A REVERMRARAE, TE™ E T F a5 26 d), 2
SC124A1 Arg7 522 5 Pk Ve b b i i B S 0k /0> o .

TETFha T, ZEAF FR A7 Ve 7T 5 B £ BT
TR BB FBN(ET).
6 TREME TAREZFHERSHEREEET
ADPGE BRI (AGPase) =& H VI E# & 1
(RFR I . AbFEIAE], 1EHBEKSC124 5 Arg7 24T
AGPaseifi g H EJF, BUA K. +RMBET
SC124 5 Arg7 () AGPaseif £ 2 I 4 L7t J5 T Bt
K, 26 A4y 3 B IE 5 58 /K SC124 A1 Arg 71£.40.24%
F140.71% (&8-A).
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Fig.5 Contents of starch in stem stele of cassava under

drought stress
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WETERZR TR, T 526 digPE(E S, 1K TXF
1867.39%. Tl FSC12451Arg7 2547 SPiF 1
12 dATARAEANK, 12 dJEiE T T FRAC TR (E8-B).

o-VE KD B AL TER K AR B 2 — oAb B
6], IF % 527K SC124 0 Arg7 25T o-iE ¥ B 1 2218
B, TEMHAZ&MEN, SC124Z5 5 oV #) B v PE
%6 EIHE TR, ArgT 2 a-TE K B M w1
Mo Ui —E BT R hE N EFo-iE 2 5
TIERM bR, SZELE. )T R &2 TR
g5 A N (18-C) o

R G BB (SuSy) 3= B4 & o i EbE . Ab
TR A, 1F % 5K SC124 25 FF SuSy i M A8 4 A
K, Arg7Z M SuSyiE e F . FREMGT,
SC124 5 Arg7 22 FF SuSyiE M A R N . 100
— BT R a2 SuSy Rtk 2 5 T RERE
(PR, 52rhRERE & 20K, WA, RS2
AR R (E8-D).

5
EBTAREZEZFFILMARMEENSE

ATV PR AR B 5 3 ) = BB I
TR, dERHSE A, R, 4R
R 16 IE 5 AU (25 18 42 251989, 5k ifg 3 AN g mf
1998; P AI B B 462010), AT 1 4 05 1
RIS TR Mhiamt ). BhaferE. i v
55 LREHEMPIHGRAEEYI R R, HET

S A Er g, AR R A R S B, &

HRCUFE 552011 AP AR (R B £ 2009) BiL+
(TR 552008) BT A (SR 477 552013) n] i 14
WS BB E T R R K TR MR
SITHE R, WA EETRENE T, 1
PERERZIE TR RE ) TR . TR R, FHE(CE
FEE2010), /NI (RREFI2010)i0H F 5 R A AT
EERE S B E T A R AR, RN N
RAFPIEHERER R AR E KT %5
2011), R HHER AWM EEBZBRNTYR . A5
RIL, F5MHE T, SC124 5 Arg7 ik B bk 57 %5
WS RO AE B 3~19 dTt e, RS BT IER
GEKAE R, TTREAE T R WA 25 rp i b R B mT B
il R T R /NI R AT R S R, AR R E R
REJ) . SC124 5 Arg7 2 REHE . 1 % BE & B AE
T FWpE3~12 dIFFE, BPEE BT R ihE3~19
dth T R, AT BB T R R T AT
B FIE . ATV HERE VR E TR F R —
SEFERE N T R BB E N ER, £/
T-FARZ T (26 d), FFAE R 2 At 5 2 K
W B2 A, 2B AT RE I PR . T2 A AR SC 12448
PRBZJZE . Ao TR R R B B AT R A b Arg 7,
BB TE .
2 SHEREES S TARETRER AT

BN AE TEZ R AR, AT LLE A RE
P8, AR AT DUAE A I BE i R S 5 AR
Ji o VR B A DR A AR A At R A 4 35 1 0 I
Bk T2 milk. A%, miBEE A TR
HEARARAEAM NG BB Thae, HAR%
TEAEWIIR, FooE B ) D RE(Wingler 2002; Lunn
££1999; CroweZ1984; Otting 1991). 7E4LafhF
2B R YR, R B R (R %
2012), Han%(2016) KILAZE M Frifg i & 25
R REKBE FTRIE ARG . A 7RI, TR HhiE3 d,
TR IR R R BLERACREAR, SC124 5 Arg7Tli R 2 7k
BN, fEBAT RMA RS, s — AL,
177 0 %of AL e VA B A S OAS T . 50 P
VEE R ZESC124, Arg7 N AT 5L 5
TR . TR, iR RSCI24) 2, Hikkd
IR o B TN 5 R Arg7 .
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Fig.7 Observation of starch granules by SEM in cortex and stele of cassava stem under drought stress for 26 days
A: IEHBKArET R 2, x2 020; B: T8 FArg7 52, x2 780; C: IEH He/KArg7 FFE, x2 220; D: TR Bl T Arg7HF#E, x2 000; E: IE
W PEKSCI24 5 J22, x2 060; F: 2 Wi FSCI124 K )2, x2 020; G: IEH FE/KSCI124H1 4, 1 140; H: FF il FSC12414%, x1 080, Cry:
A5 BP: R B VA 3 XY: ARHEEANIL; SG: VEH L.
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Fig.8 Enzyme activities of sugar metabolism in cassava stem under drought stress
A: AGPase; B: SP; C: a- JEX}§; D: SuSy.
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R I D HOEERT A A7 B Le A e R A E A
Z—, o Ve S Fa AT 2 B n) ZE AT
T 4E . BensariZE(1990) 8 42 Hi /K 43 il i
Ko 5 1R A 0 2 A A A Pl dE 1 PN A R R AR
ho T FME T ek B KR B Z,
— N T F i (2 g KRG 2 R A B AR RTE
PERE S BT (E L2001, F4E252004). 7Kk
Z5(2016) A 5l — 47 A= R 25 v e b 1) W
PEREFALIG N, FEER R RIFD> . DuqueflSetter
QO F K IN, T FALF30 da] ffi A Z 25 dhig
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SC124 5 Arg7Z:AF AGPasedf 1t %, JE# & %%

B SPif{E T B%, o-VEfn BG4 BT, i o-TEkr
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Effect of drought on the contents of soluble sugars, starch and enzyme activities

in cassava stem

ZHAO Chao', WANG Hai-Yan’, LIU Mei-Zhen', WANG Wen-Quan™”
'College of Environment and Plant Protection, Hainan University, Haikou 570228, China; *The Institute of Tropical Bioscience
and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, China

Abstract: This study examined the active changes of the soluble sugar content, starch content and enzyme
activities in cortex and stele of plant stem after continuous drought for 26 days. Two cassava varieties, SC124
(drought resistant) and Arg7 (sensitive to water stress), were used for investigating the drought response of
starch metabolism. The results showed that trehalose with a higher concentration produced in the cortex and
stele of stems in both SC124 and Arg7 under the drought stress, which was an important component of osmotic
regulation in cassava adaptable to water stress. Also, fructose, glucose and sucrose were important osmotic
materials in cassava. Fructose and glucose contents of the cortex and stele increased, while sucrose contents
increased and then decreased. The results indicated that sucrose was degradated into glucose and fructose under
drought stress, which were smaller molecular weight. While the content of soluble sugar decreased greatly, and
the capacity of osmotic regulation decreased under severe drought conditions. Drought-resistant variety SC124
had higher soluble sugar content in the cortex and stele than non-drought-resistant variety Arg7 under drought
stress. The analysis of starch contents, and examination of the number of starch grains with scanning electron
microscope showed that SC124 and Arg7 contained a lot of starch in stem, while decreased significantly in the
cortex and stele under drought stress. Moreover, the activity of ADP-glucose pyrophosphorylase (AGPase),
starch phosphorylase (SP), a-amylase and sucrose synthase (SuSy) in stem were measured to indicate that the
activity of starch decomposition enzyme increased under drought stress.

Key words: cassava (Manihot esculenta Crantz); drought stress; stem; soluble sugars; starch; enzyme activity
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