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Physiological mechanism of cassava South China 8
tissue culture seedling under salt stress

XUE Jing-Jing, ZHU Wen-Li, CHEN Song-Bi"

( Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences/Key Laboratory of

Conservation and Utilization for Cassava Germplasm Resources, Danzhou 571737, Hainan, China )

Abstract; The cassava ( Manihot esculenta) South China 8 (SC8) tissue culture seedlings were conducted to investigate
the physiological mechanism in response to salt stress. Effects of MS medium treatment contained NaCl (0, 5, 20, 35,
50 mmol + L"'and R50 mmol - L") on the growth and physiological indexes activities of Cassava SC8 tissue culture seed-
lings were evaluated. The physiological indexes include chlorophyll, hydrogen peroxide ( H, O, ), malonaldehyde
(MDA) content, and the activities of superoxide dismutases (SOD), catalases (CAT), peroxidase (POD), ascorbate
peroxidase ( APX). The results of physiological showed that the growth of SC8 tissue culture seedlings did not change
significantly after NaCl content ( <20 mmol » L") stress for 60 d, but high content ( =35 mmol + L") of the stress had

inhibited SC8 tissue culture seedlings growth. The growth of SC8 tissue culture seedlings could be recovered at NaCl con-
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cent (50 mmol - L") stress for 30 d after they were transferred to the normal MS medium of 30 d. Chlorophyll and MDA

contents were accumulated at NaCl content( <35 mmol - L") stress, but which were not accumulated at NaCl content

(=50 mmol + L") stress. H,0,content had no obvious change at NaCl content stress which it was compared with con-

trol. Activities of antioxidant enzymes including POD, CAT and APX were increased at NaCl stress, whereas the activi-

ties of SOD, CAT and APX were decreased at higher NaCl stress. The results of real-time quantitative PCR showed that
the expression level of SOD, CAT, POD and APX were higher than control at NaCl content( =50 mmol - L") stress.

The results indicated that salt stress for a short period of time would not cause devastating damage to cassava, which

could improve the salt tolerance of cassava by regulating the activity of physiological indexes.

Key words: cassava, NaCl stress, physiological indexes measuring, correlation analysis, Q-PCR
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AR oI XAF ) A A I S i i e 2 7 e i R S TR R
FRAEYI R R R ) — AR,

AR ( Manihot esculenta ) f& Kt ( Euphorbi-
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NaCl /) MS 35525 b FECE 5 288, R b Bl
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1.2.2 % RNA 335 cDNA 4% AREH B H M
RNA 25218 RNAprep Pure ZWEZ ) 5 RNA
FEHUAT £ (Tiangen ) FIERAE UL #E47, FH] Dnase 1
HE_EH AL RNA FE 6 5% B8 i 7t DNA, cDNA 5
—4E 1) & B 2 B TransScript Reverse Transcriptase
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1.2.3 28 % K2 F PCR 947 K Thermo 2\ )
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Table 1

Primer sequences

CILZER S Fr5i

Primer name Sequence

QPCR-Cu/Zn-SOD-F 5'- ATGTTCATGCCCTTGGAGAC-3’

QPCR-Cu/Zn-SOD-R 5'- GATCACCAGCATGACGAATG-3’

QPCR-APX2-F 5'-CATTGATAAGGCCAGGAGGA-3’
QPCR-APX2-R 5'- TTGTTAGCAGCATGACCCTG-3’
QPCR-CATI1-F 5'-TGGGAAACAACTTCCCTGTC-3’
QPCR-CATI1-R 5'-ACATCATCGAAGAACCAGGC-3'
QPCR-POD-F 5'- CTCTTGTATTTTGGTTGCTTCTT-3’
QPCR-POD-R 5'-TTTGTAGAAATTCCATGAGAGACC-3’
QPCR-Actin-F 5'-TGATGAGTCTGGTCCATCCA-3’
QPCR-Actin-R 5'-CCTCCTACGACCCAATCTCA-3’

1.3 A EREELE
F GraphPad Prifm 5.0 {447 54 53 A7 14k
1, 1 SPSS18.0 #AFi#k AT 25 S M AHOC GE 40T o

2 HERH4M
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POD J& APX J2 il fie B 18 2 4t v 8 22 /) PR 3 g, v]
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Theren s BEAE SRR BERG I, it 2 2R MDA & B8 T
5%,@ 50 mmol - Llﬁﬂﬂiﬁﬁﬁ,é\ﬁﬁ@yﬂ%ﬁg,fa%
2838 50 mmol - L'$hJPHA 5, AEIEH MS Kigdt 1A=
Ky SC8 21 451, Hont 4 2 & & A R K4 &, i
MDA AT (B 2) , AT R s 4N
JHLREAZ A5 O FEE 5 mmol « L7 SR8 T, AR A
SR A e 5 B A R W 28 v B A B I, AE L R
K%, R50 mmol « L' ERHHA T, HARXT L S A8t s A7
Tt CAT J&XF H,0, 73 B J7 5007, ik v i
5% 50 mmol + LB, CAT I J1 ik fix KAH, 1 R50
mmol - L' ELAF , CAT 1% 1 T [ i H,0, &% &5
HEMEH, 35 mmol - L' Mria F, APX F1
POD WG M . ERVEEEIE E) 50 mmol - LB,
APX TE PR T B B AL IR AR K5, APX W& A BT
T, 2 POD WIEPEIEATC AR fk,, SOD {1 Jbl &
Joih 36 v g %) T v T R AR, 20 mmol - L7 AR A T
SOD 1 1 ek, X R WK E SC8 4 55 Hi %2 3 50
mmol » L' NaCl W3 B, Az KA il , 28 1 52 g A=
FEAEAR A 5 1 RS0 mmol « L AYEL A T, oA
KAIER S RS ZIRE
2.3 AEAEEBIEFREXES T

X4 R o it BREPE MDA (SOD [ CAT H,0, .
POD fo APX SFATHHOCHE T (R 2) . IEHEOLT,
CAT 5 H,0, 24 & EAHE; 47 5 mmol + L7
(1) NaCl B}, A= PREE bR 0 0 3% A0 5GP 4k 22 7 in
NaCl Z 20 mmol - LB}, CAT 5 POD 4% g & /A
53 BT 35 mmol - L7 ER 8 B 20 o 4 3
5 MDA |CAT £ W Z FAHC, i 5 SOD 2 i 3 1F
A5, SOD 5 MDA, CAT & i Z i /5%, MDA 5
CAT W B IEAH X, APX 5 POD 2 i 3 FAH X,
4R M U BE SR F) 50 mmol - LA, HAE FRAE ARG
A M 5 24 50 mmol - L ER B K & A KA i
LRFE S A0 R R R K A G, POD
MDA 2 58 2 fAH ¢ 5 U B — 2 Wk i £ Wyl (35
mmol - L) XA 41 5518 59 4= K B A il 7, H
YN L Az 38 T A, AT A O T A A B
B i) o B m AR S R 1 5 24 50 mmol « L' R B
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Table 2 Correlation analysis of the different physiological indexes under salt stress

- AR g st
Variable concentration Total Membra.n.e MDA CAT H,O0, POD SOD APX
(mmol - L) chlorophyll  permeability
AR R S 0 1
Total chlorophyll 5 1
20 1
35 1
50 1
R50 1
155325 7k 0 -0.273 1
Membrane permeability 5 0.924 1
20 -0.854 1
35 0.888 1
50 0.978 1
R50 -0.998 = 1
MDA 0 0.478 -0.975 1
5 -0.044 -0.422 1
20 0.944 -0.635 1
35 -0.897  -1.000 = 1
50 -0.855 -0.944 1
R50 0.951 -0.967 1
CAT 0 -0.98 0.075 -0.293 1
5 0.995 0.881 0.057 1
20 0.996 -0.803 0.97 1
35 -0.9 -1.000 * 1.000 * = 1
50 0.715 0.845 -0.974 1
R50 0.995 -0.988 0.916 1
H,O0, 0 -0.98 0.075 -0.293  1.000 * = 1
5 -0.706 -0.383 -0.676 -0.774 1
20 -0.516 0.887 -0.206 -0.437 1
35 -0.932 -0.66 0.675 0.679 1
50 0.859 0.734 -0.469 0.258 1
R50 -0.448 0.5 -0.704 -0.359 1
POD 0 0.642 0.563 -0.367 -0.782 -0.782 1
5 0.209 0.567 -0.986 0.109 0.544 1
20 -0.997 0.808 -0.968 -1.000* =  0.445 1
35 -0.04 0.424 -0.406 -0.401 0.4 1
50 0.677 0.508 -0.196 -0.03 0.958 1
R50 -0.968 0.981 -0.998 = -0.939 0.659 1
SOD 0 -0.8 0.796 -0.91 0.663 0.663 -0.052 1
5 0.99 0.968 -0.182 0.971 -0.602 0.342 1
20 -0.8 0.37 -0.953 -0.851 -0.101 0.846 1
35 0.885 1.000 % = —1.000:* —0.999 = -0.655 0.431 1
50 0.568 0.384 -0.058 -0.169 0.909 0.99 1
R50 -0.448 0.5 -0.704 -0.359  1.000 = = 0.659 1
APX 0 0.269 0.853 -0.717 -0.456 -0.456 0.911 0.364 1
5 -0.794 -0.501 -0.573 -0.851 0.99 0.429 -0.702 1
20 -0.662 0.175 -0.871 -0.727 -0.3 0.721 0.979 1
35 -0.102 0.367 -0.348 -0.343 0.456 0.998 = 0.374 1
50 0.464 0.639 -0.857 0.951 -0.054 -0.338 -0.465 1
R50 0.965 -0.947 0.835 0.986 -0.197 -0.867 -0.197 1

How . 0.05 K B REMDE =« 0.01 KF ERFEHK,

Note: * . indicates significant correlation among different indexes at 0.05 level; #* * . indicates significant correlation among different indexes at 0.01 level.
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Fig. 1  Growth status of cassava SC8 tissue culture seedlings under different concentrations of salt stresses for 30 d (A) and 60 d (B)
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HRIEA 7y POD LR FHI 3514, TR
51 EL & 2 CAT . SOD il APX H%E 7 PCR 5|4
JEH(Xu et al, 2013, 2014 ) , XF A [l e B 5 W30
(AR SC8 4 45 1 AT i sk A KO- 9 38 43 7
3 WoR, ANFIEL B E R, APX B AR X 3R 1K &
5 HA B B M50 mmol - L7'HF, APX )
TRVt s AR R A KB HERA /KB
TR, POD Al SOD 3R IK i 7E 50 mmol - L™ i
AT 50 mmol - LK EZALH FASfEAN K, CAT B
TRIKF-Bifi 2 R e 2R I, ek 1 AR T 2R B i A2
A R IRIKOT B AR,

3 Wit 5%

A2 B R AR A A 2 £ T A B e
RO (Munns, 2002) , 0 %ALY A A AL
HUR— AR AR A T, A [ $h 2R A R] — R A

[ R e AR AR — AN R 28 B R RLEE
B Bt L B e B [ 1) 4 0 45 #0257 AR AN TR) 1 285
SR A ML AAE R, ARG, 5 mmol -
L F120 mmol - L4 NaCl A3 F | A= 30 d fyAREE
SC8 AHHE i SXF A b L 25 5%, MRkt & =
50 mmol - LI, K% SC8 4 1K 52 21 7™ T 41 i (
1) ;% 50 mmol - L NaCl £b34 30 d Y SC8 £H 15 i
TR EIEHR MS Kigidk D AR, kB30 d J5 HA
KEBWREIER , SR SC8 HE B KH T2
St AT UL ] f R I 3E AR 4 44 a4 AT
PR AP AE S R IREE N 201 A IR Ok
RER B0 A 0 105 3 (1 545 ,2003)

EN SIS K7 S ROl da k=R A BB S 7N
RGO ARG, Al B B Ak
F G0 1R P AR T ( Cheruth et al, 2007) ,
(RIS, £h 38 2 B YR N H,0, F1 MDA 5 i3
TSR, 2012, & 55, 2014 ; 2R HE S, 2015)
AWFFEH, SC8 KT MDA & i Ffi# NaCl ¥ J&
RGN BE B S TR, 1,0, 0 & = 7E 35
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Fig. 2 Variation tendency of the physiological indexes under different concentrations of salt stresses
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