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Effects of saline-alkali stress on activities and gene expression of
antioxidant enzymes of transgenic Lc-CDPK rice
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Abstract:[Objective] The effects of saline-alkali stress on antioxidant enzyme activities and gene ex-
pression in roots and leaves of transgenic rice with Leymus chinensis Ca’" -dependent protein kinase gene
(LeCDPK) were analyzed. [Method] Using qRT-PCR, the most appropriate treatment conditions for
highest gene expression in roots and leaves of transgenic rice were clarified. After saline-alkali stress treat-
ments,the contents of betaine, proline, mannitol,sorbitol and sucrose were measured and the activities and
gene expression of antioxidant enzymes including superoxide dismutase (SOD) , peroxidase (POD) , catalase
(CAT) ,glutathione reductase (GR) and glutathione peroxidase (GPX) in seedlings were assayed. [Result]

The expression levels of LcCDPK in roots and leaves of transgenic rice were the highest 24 h after treat-
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ment by 200 mmol/LL NaCl-Na,CO;. Under this stress condition,difference between transgenic rice and no-
transgenic rice (CK) was significant in contents of osmotic regulation solutes and activities of antioxidant
enzymes. The contents of proline, mannitol and sorbitol were increased by 116. 0% ,88. 9% and 115. 4%
comparing CK (P<C0.01) ,and GR activity was increased by 9. 6% (P<C0.05). The proline content in leav-
es was increased by 129. 2% (P <C0. 01), and the activities of CAT, POD, GR and GPX was 52. 1%,
27.5%,163.5% and 46. 7% higher than those of CK in leaves. The relative expression levels and antioxi-
dant enzyme activities in leaves of the transgenic rice were enhanced,and relative expression levels of CAT,
GPX of transgenic rice were 3. 96 and 2. 73 times of CK (P<C0. 01). Relative expression levels of GR were
only increased in roots,which was 1. 6 times of CK (P<C0. 01). Correlation analysis indicated that the gene
expression was positively correlated with activities of antioxidant enzymes in roots and leaves. [Conclusion]
This study indicated that the Le-CDPK involved in regulation of saline-alkali stress response, which in-

creased the accumulation of osmotic regulators and activities of antioxidant enzymes,and improved the tol-

erance to saline-alkali stress.

Key words: rice; LcCDPK gene; saline-alkali stress; osmotic regulation solutes; antioxidant enzyme;

gene expression
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Table 1 Ratios of complex saline-alkaline solutions and pH values

b NaCl ¥ / (mmol « L=1) Na;CO; %/ (mmol « L—1) NaCl-Na; CO3 % #% NaCl-Na, CO; solution
Treatment NaCl solution concentration Na;CO; solution concentration ¥k Jif /(mmol « L.~!) Concentration pH
1 25 25 50 10.1

Il 50 50 100 10. 3

il 100 50 150 10. 4

I\ 100 100 200 10. 6

Vv 150 100 250 10.9

VI 200 100 300 11.1

TE - NaCl R Naz COs 7 % R BUR A BC ) NaCl-Nap COs i

Note: NaCl-Na, COj; solution was prepared by mixing NaCl and Na,; COs solutions at equal volume.
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Table 2 Primers and base compositions for fluorescence quantitative anlaysis

FE A A dRes ElE/EA 195 (5"—>3")
Gene Sequence number Primer Primer sequence (5'—>3")
LeCDPK - Lc-CDPK-F GGTGGATACCGAGATTTGTGA
e
Lce-CDPK-R TCAAGTGTTCTTCCCGCTCTA
Actin XM 015784227, 1 Act}an CCAGCAATGTATGTCGCAAT
Actin-R GGTCCAAACGAAGGATAGCA
CAT X61626. 1 CAT-F TGAAGCCAAGCATGTGAAGA
CAT-R GCCCAACGACAACAGAAGAT
GR XM 015771322, 1 GR-F TGAGTGAACAGCAGGCTTTG
GR-R CAACCACCAGTTTCATGACG
GPX AY100689. 1 GPX-F AGGTCGGGATCTGTAGAGCA
GPX-R AGTGCAAATGCAACCTGTGA
POD DQ855429. 1 POD-F AAGAACTGCAGGAGGCTCAA
POD-R AGCCTTGACGCATTACAACC
SOD AY770495. 1 SOD-F AACAAAGGCAGGGCTGTAGA
SOD-R TAAGGTTCCAGGGCATCAAG

T« T ARBU TR £ CDPK S, KM

Note: * means the CDPK gene of Leymus chinensis cloned by our research group,which was not registered.

F RNAiso Reagent i 7| (TaRaKa 2> &) $#2 B
IE A RLE RNA L E ODyy /ODugo [H N 2.0 247
Ja ¥ ] TaRaKa 2\ 8 5 5 52050 & & Bl cDNA, —

20 C KA RAFE 4 . L cDNA AR, 31T qRT-
PCR 93 . SN 5 A - 94 "C BUAETE 5 min; 94 C
15 5,58 °C 30 5,72 °C 30 5,40 MEH . AP X
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Fig. 1 Effects of saline-alkaline stress on relative expression of CDPK gene in roots and leaves of rice
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Table 3 Effects of saline-alkalinestress on osmotic adjustment substances in roots and leaves of rice

B Materials

F/(ugeg D MER/ (pg-g ) HEFE/(mg-g ) WA/ (mg-g )/ (mg-g 1)

#R A Position 4 ¢ Name Betaine Proline Mannitol Sorbitol Sucrose
CK 30.2+1.21 49.4+1.08 0.9%+0.03 1.340.18 1.434+0.18
i % =
Roots AR KRS 31,241, 11 106.747.75" * 1.740.04" " 2.840.32" * 0.560.06" *
s Transgenic rice
CK 39.240.57 50.6+0.72 3.940.11 9.640.98 1.5640.07
i -
Leaves AL KA 41.2+1. 30 116.0-£0. 81" * 4.140. 14 8.9+0.15 1.5740.18

Transgenic rice

T SRR L . o 7R % 73 00 3R 22 5 3 (P<0. 05) I 22 Sl 8 3% (P<<0. 0. Rl

Note:Compared with the CK,*

spectively. The same below.

Eh e B X R E K BREAEEENZ M
B3 4 /LA TE LeCDPK JH R 1 i
T R 30 A0 BEAS AR L 5 R L B R K R
B AL B TS R YA T i, AR o A GR
TG 1 S 2 1A E At Il 0 M G T X B L R BR R K
FEAR ) POD, GPX i 4 43 il 8 % BAIG 25. 7 24 Al
17.3% ., 5% B 3% (P<<0.05),S0D # CAT i ¥
BN BEAR H 25 SR B3 (P>>0. 05) 5 GR {1 M85 %t
W 9. 6% . 22 5 B3 (P<<0.05), 55 F KRG

2.3

* 7and” * x ”indicate significant difference(P<C0. 05) and extremely significant difference( P<Z0. 01), re-

i) CAT. GR 36 P 43 5 % %t B 520 126 AN
163.5% . 2% 54k B 3 (P<<0. 01) ; POD,GPX 43
A NF B E 27, 5% 1 46, 7%, Z R B FE (P <
0.05); SOD Jf th m F X, H2EF A B E (P>
0.05), HLL LS5 H AT, e L UK AR it 7 iy
PR AT S M S X AR B — o 22 5 TEAR R
T GROGPE i o 4 8 e A AL I M X A —
FEREE KW LeCDPK LR ) o 2 35 38 4 F) F b
R ATERARE T

F4 HWEEXNKER.HAERENEFTENI N
Table 4 Effects of saline-alkalinestress on antioxidant enzyme activities in roots and leaves of rice U/g
£l Materials
- Y Materials SOD POD CAT GR GPX
#B43i Position % Fx Name
CK 155.0+5. 86 70.14+0. 29 12.24+0. 24 1.9+0.76 0.75+0.01
Roots ot 2
i Roots LN KRS 143.9-+13.93 52.3+0.22" 12.140.18 2.240.54" 0.62+0.02°
Transgenic rice
CK 187.6+2.85 100.4+0. 61 17.240. 25 9.740.80 0.45+0.01
" SR KRR
Leaves A 193.640. 65 128.0+0.70" 26.240.24" " 25.6+2.03" " 0.66+0.02"
Transgenic rice
2.4 HBEHENEEEKEREUBERRIEZN CAT Fl GPX H [H A0 XJ 2 3k 5 43 7l 5 % B s 2>

A

Bl 2 W B AR 030 45 17 B % FETRUK R AR L it
PR IE R KB K S X A — 22 5. S5XT
FHEG F FEFE K R AR o AT GR SEFE A X R ik & b
P RX R 1.6 fE, T 2 R WA (P<T0.01);
HAFERH F BT M B EKFR 1 SOD,POD

87%0,82% .63 % 1 76 %, 2 7 ) i 3 (P<<0. 01)
5508 BEORA B 7 35 R K R i e vp 2 B e A AL Tl 1A
FHXFFE IR FiR L SOD, POD 3 [ AH % 2 ik & 43
BT BE Y 1,033 F0 1. 19 [, ZE R B E(P<
0.05); CAT GPX K& FAH X 2 35 &t 43 J1] J& X R
3.96 1 2.73 i, 22 ¥ B % (P<<0. 01) ;GR J: A
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Compared with the CK,* x ”and” ¥ x ” indicate significant difference(P<C0. 05) and extremely significant

difference(P<C0. 01) , respectively
B2 R A M A8 X A 3 R K R AR CAD R | (B) i 48 Ah g ik R 28 35 1) 52 iy

Fig. 2 Effects of saline-alkaline stress on relative expression of antioxidant enzyme gene in

roots (A) and leaves (B) of transgenic rice
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