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Mechanlsm of S-allyl-L- cystelne l}lleVlatmg Cadmlﬁm Stress in Seedling Roots

and Buds of Rice Seedlings” | )

CHENG il tlong, HUANG Yong- chun >, WANG '‘€hang-rong " , LIU Zhong-qi, HUANG Yi-zong, ZHANG Chang-
bo, WAGN Xiao-li =

(Agro—Eﬁvironmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Cd has toxic effects on rice seed germination and plant growth, which may eventually lead to decreased yield and excessive
Cd content in rice grains. The potential mechanism of S-allyl-L-cysteine (SAC) , a natural sulfur compound derived from garlic extract,
in alleviating Cd** stress in young roots and buds of rice seedlings was studied by a seed germination experiment. “Zhong zao 35", one
of the main rice varieties in Southern China, was selected as the test material. Firstly, the alleviating effect of SAC on Cd** stress in
rice seedling roots and buds was studied. Following this, the physiological mechanism of Cd** stress alleviation by SAC was examined
based on the expression of the Cd transporter coding gene using real-time fluorescent quantitative PCR. The results showed that when
the Cd** stress concentration reached 50 wmol+L ™", the young roots and buds of rice seedlings were significantly inhibited, and when
the SAC concentration reached 200 pmol+L™", Cd** stress was significantly alleviated. Compared to a Cd*>* stress treatment group,
the total root length, surface area, and volume of young roots was increased by 173. 5%, 65.52%, and 37.04%, respectively; CAT
and SOD activity in young roots and buds was increased by 212.42% and 110. 76%, and 31.41% and 47.31%, respectively; MDA
and GSH content was decreased by 43.09% and 34. 12%, and 33.97% and 35. 74%, respectively; and Cd content was decreased by
35.91% and 28. 86%, respectively. The results of quantitative real-time PCR showed that the relative expression levels of OsNramp5
and OsHMA2 were significantly reduced by 33.38% and 34.99% compared with the Cd** stress group, respectively. However, the
relative expression level of OsHMA3 was significantly increased by 33. 96% . From the above experimental results, the main mechanism
by which SAC reduces Cd** stress in the young roots and buds of rice is via the regulation of Cd transporter-encoding genes, reducing
Cd** transport to young roots and buds, and increasing transport to vacuoles.

Key words; S-allyl-L-cysteine (SAC) ; rice; Cd stress; cadmium transporter gene; seed germination
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75 32.67 +1.88¢ 7.51 £0.31c
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500 — —

0.054 +£0. 001 8a
0.053 £0.002 5a
0. 047 +0. 004ab
0. 044 +0. 003 9b
0. 043 +0. 000 8bc
0.037 £0. 002 3¢
0. 027 0. 000 2d

157.61 +£28.41a
139.00 +12.93ab
127.00 +9. 57be
123.59 £11.25ab
102. 80 +4. 49b
83.20 £2.33b
38.40 2. 46¢

110. 80 +20. 34a
97.00 +5. 07ab
92.00 +2.93ab
87.00 £4.09ab
79.20 £3.71b
73.81 +£3.48b
32.80 £1.59%¢

1) —" JoRM TR L ARG R R A B 2% 5 B35 (P <0.05)

2.2 SAC XFFhF4hAR Cd>* Ul i) 28 iR v

i g3 5l K 2 BIHCK,

X 18 ) 89. 84%

J.»“' F |

86 58%\

AR BE SAC XK A Fl 74 AR Cdz*ﬂj} Tz
RN 3 TR, 24 SAC WK F] 200 ol 30
B, 6K R Cd® * M 38 11 2 Mt i SN 3 G P P
0.03). 2 SAC /fkf“ T 200 pmol - L I, ;&%aﬁﬂ?

AR i'%ﬁﬂ WA *E%ﬁ%ﬂﬁﬂéﬁl#?‘éﬁ
iﬁﬁﬁﬁ SAGTR e JEE (19 71 73 thﬂﬁ%i*byﬂﬁﬁ_

# é; SAC e J:@J 200 }Lmol L A IR 3
is SAC XTﬂJ?QJJ*Eer“Hﬂ‘LE’J-ﬁﬁ@&SKF

71.15%. 82/ 08% F1854 43% . 4 SAC, /f&fﬁ%éﬂ‘ﬂ
B35 500 wmol#T. ", KR 5 45 T 45 47 S i e BET
B 44, 430 PR AE B CK, )i 48. 009% . 637599,
51,929, 47/50% Fij63459% . W 75 I i v s
SAC f;zﬁﬁ/\ymm%umm%sztmg% &
b EFE200 wmol - LR SAC 1E N I 223056 1Y 27
fift Cd o En AR e B

i "J Table 3 Allevullng effectzof* SAC on Cd?* stress in rice seed young roots
SAC Ve Jiz c SYIESIS [OEA . "
/pl:t.nol/-ﬁ(Ly:l /cme- plaLnl - /cm%j plant = /cm‘?{;llsplal]l -1 RRB A RIBUA
CK, 48.35 +2.50a 8.87 0. 24a 0.052 +0. 005 3a 128.00 +8. 58a 71.40 +7.27a
CK 15.88 +0. 75f 4.64 £0. 09 0.027 +0. 001 7¢ 35.00 +3. 16e 35.00 +1.73d
10 25.59 £0.31de 6.91 +0.22¢ 0.032 +0. 001 4bc 62.60 +5. 87d 52.20 +4.01lbc
50 28.40 +1.49d 6.72 £0.25¢ 0. 033 +0. 001 Obe 79.00 +3.90¢ 59.20 +2.35b
100 33.56 +0. 66¢ 6.92 +0. 20c 0. 033 +0. 002 2bc 85.00 +3.75¢ 58.60 +3. 85b
200 43.44 £1.83b 7.68 £0.30b 0.037 £0. 001 5b 105.00 +4. 81b 61.00 +1.45ab
400 23.21 x1. 11e 5.94 +£0.23d 0.027 +0. 000 8¢ 60. 80 +2.20d 45.40 £1. 69cd

1) RRVING T4 F R AR g Bl E] 22 57 2 3% (P <0.05)

2.3 SAC X/KFERN 4 ZF A4 AR A= B A AL R ¢
Cd** 38 1) 28 fi 300

SAC X Cd>* Jilpae ' 7K A5 Fh 40y 28 A 4 4 A 28
i%%%ﬁ@%ﬁ%ﬁfﬁn@ 1 FioR. /1 (a) AT WL 78
50 pmol - L~" CdCL, i, ZKFEF %)) 2 R4 AR 1)
CAT FIG I R R 5 CK, Zb B AH LL , B IR 43
Wk 67.91% 1 68.37% . ¥ 200 wmol-L~" SAC
Jo AT E AR E AR AY CAT 54, 5 50 wmol - L~
CdCl, b3 ZH AH Lb, FH iR R 212. 42%, 15 21 HR 1
CAT JFHPEPR A 2 5 %0 BRZH I T 1o 35 22 S /K75 v
SAC J& , 1 2F /Y CAT 3R BT #a A, 5 50

pmol - L™ CdCL, ZbFATFH HL 35 31. 41%, {HAREH]
ERRE.

& 1(b) A UL, 7E 50 wmol -L ™" CdCL, BB T,
Pl 401 25 T A AR A9 SOD 7F Mt 1h P g B R IE. 5
CK, ZbFREH AR LY, B0 23 00 K 42. 14% F1 61. 84% .
NI 200 pmol - L.7" SAC Ji i 4 5 T 41 2E AR
f) SOD 1, 5 50 wmol-L™" CdCL, Ab 3 ZH 41 1L,
SOD 7543 48 T 47. 31% 1 110. 76% .

P 1 (e) AL, 7E 50 wmol - L™ CdCL, il F
FhFAZEMAiRH GSH & i B . 5 CK,
Ab 3 ZH AR LG, T RS 4 )3k B 195 1% A
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503. 7% . #1200 wmol-L ™" SAC J5 W EIEIL T 4)
ZERSRH GSH i, 5 50 wmol - L™ CdCl, Ab#
AR M, GSH & & 43 5 b & B AIK 1 35.74% M
34.12%.

I 1(d) AT UL, 78 50 wmol - L™ CdCL, WA T,

(@) [ JCKe

_ 1000 777 50 ymol-L7' Cd
ITE‘ a SN 50 pmol- L' Cd + 200 umol- L™ SAC
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II200 wmol - L' SAC J& {3 B A T 4l 2E A4 AR
A MDA 1,5 50 wmol-L~" CdCl, AbFRZAH L,
MDA & 3 51 i 2 FEAR T 33, 97% F143. 09% .
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Fig. 1 Effect of SAC on antioxidant enzyme activities in rice seedlings and young roots under Cd stress

2.4 SAC /KRR F ) 2E FAIAR Cd®* Bhad (9 53
FHL

AN 200 wmol-L~" SAC X /K AFFh 14l 2 F4h
R Cd SR AN E 2 (a) . W] 5, 78
50 wmol-L~" CACL, Hrift ™, /K FEFp T4 ZE M AR 1)
Cd 7 i 90 2 i AR Cd & i = T 40
ZEh Cd & ik F] 401,14 mg-kg™'. @M 200
pmol - L™ SAC J5 WL FEAR T /K FEFh 141 2F FI 4 AR
Py Cd & &, 5 50 wmol-L~" CdCL, AbFHZHAH I,
GizE MRt Cd & & 5 B AR 28.86% Al
35.91%.

A0 200 pwmol - L' SAC X 7K A Fh 14 25 A 4l
R Cd #5128 FL K OsNramp5 FHXT 22 325 1 B 52 1) 400
K 2(b) Frs. WHRTHL FE 50 wmol - L=" CdCI, JiHE
T KFERF AR AL ZE T OsNramps WIAR RT3k
i Y, I R A B iR 217.67% A
48.33% . ¥ HN 200 wmol -L~'SAC J& , K FEFh T4 #
H OsNramp5 FXF 635 B i F AL, 5 50 wmol - L~

CdCl, ZbFL AR L, K FEFPF AR T OsNramp5 A FH
Xof Fe ik ik 3 AR 33. 38%, 411 28 K OsNrampS
X Rk et BTG 0 R A s B A 38 1) dd 25
(P<0.05).

AN 200 wmol - L~" SAC XF /K A Fh 14 2F Fi4h
R Cd #5312 FE K OsHMA3 A 32 35 5 19 52 4n e
2(c) Frw. IWH AT, ZE 50 wmol-L™" CdCL, il
T KFERI T4 HE th OsHMA3 1R % 32 35 5 1 35 44
hn, FHE IR EE I 168. 00% . 28 200 pmol L' SAC 4b
PG AR T OsHMA3 AT 3k B4k 2238, 5 50
pmol« L™ CdCL, ZbFRAIAH HL, /KRG 4R ' OsHMA3
FRAE T 26 38 B i 25 TH T 33.96% . 48 50 wmol - L7
Cd>* A5G, 42 OsHMA3 (R FE T 2235 f o i 91
T {E 3G g B R A B W3 R R, W i 200
pmol « L™ 'SAC JEHHXTF 50 wmol - L ™' CdCl, ZbHH4T,
Y OsHMA3 FEXTFRIK S Rral t BT ka3
{ELTF v i B A A 3] (R (P < 0. 05).

AN 200 wmol - L~ SAC X /K A Fh1-4h 27 A4l
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450
(@ ¢ 35 f ® c
400 f T
350 b L CKo / 3.0 F /
':cé, : 50 umol-L™ Cd =
& 300 - o 50 pmol-L7 Cd + b # 25y
= 50 | 200 pmol L™ SAC I g
% 20 f
é \ % b
S S sl I
= s0 = . / ab
& S 1ot —=
S 100 b
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N v . 7 7
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*L%EP cd' %L%EOSHMM *Hxﬁ%ﬁsfﬂﬂﬁ?”uﬁﬁnl’fl
245 s Mgl A 1 50 ol L5" CAQI, it
T fkiaﬁf?@jff&ﬂlﬂ OsHMA2 E’J*HXH%L it
=, ﬂﬁmmr“ 229.67% . %5 200 wmol-L ' SAC Ab
RS, 5 50 wmol-L~' CdC12 &i}iéﬂ*ﬁ L, 4l i
OsHMA2 X} 3% ik & B 3 FE {I% 34.99%. 7£ 50
pmol - ™" CdCL, B3 T, K AG T 40 28 b OsHMA2
(R R 2R A F A1 0 Sy (18 M 8 A 3k 30 o 5
BELE AN 200 wmol-L~" SAC J5, 5 50 pmol-L™!
CdCl, ZbFAH ALY, Z 27 Th ) OsHMA2 AHXT 21K 4l
GBS N (BN N R SIS

3 iFig

S-HTRFE-L-2 B & R ( SAC) & K 42 By v
— P ARSI AL G, G TR AsE TR
T HA AR R R R . SAC B B E
briafb, SEfm AN 2 | JR T A0 g At M 1 AN
RS TIRE , BLANA ELAT T B FLVA T O ik 0 A5 9
(R FEY . A HRGE R0, SAC iE AT 1 shi i i iy
4R MR, AR AR i il 5 4 8 w3 TS bR AR
Yk A SRS, A R A s iR
1B 00 AR SCHFSE T SAC X 7K A8 b1 40 2 F AR
FCd™ " W3 A 2 i 50y B A () 40 T BIL .

ﬁ%wﬁ;z%ﬁ%ni@%ﬁﬂﬁ%iﬁé’@%%ﬁ‘ﬂ
2 I 55 B B A BB G SIS
SN KRR -1 & B 4l 1 A K it ol 2 ), e B
kK R R AR KT ZMT . YRR &7
AR TE PSR A L BRI R 5, sEma A
PUEALBEATEE LD CAT A1 SOD , Al A AR A9 A K &
FUOLARBESE BN €A M AL B A KRS 4 2F A
41 CAT F1 SOD & PRI A b 2 FEA%, 3 SAC J5
BERE T CE b F KR 254 b CAT Al
SOD V& . W6 i 35 VE FH TR 5T A AS 1 AR
i, 75 [ (MDA ) J& if it it S b J5 i EH 277 9,
MDA 75 55V A B e 240 it B i 5 484k 7K S R A 4
A7 B RO R R E RS S k2
) Cd** WrB EHAR P 277 A K GSH, M 28 ff 5
4 Ja XA AR B #E AT, R GSH 3 1R
TN A2 Cd Wi FE RS S AR 2. A&
W EE R, 76 Cd** Wl K FE Rl 74 2F F2h AR
T MDA I GSH 5 &35 H 3 8 2 TH &, s in SAC
JEHMEERT CA X KRG A 740 28 Fgh A 19 iy 3
YEF, i 4l 28 A 4h A v MDA F11 GSH & & A 48 T
Cd** Bhia Ab 3L 44 1 2 N R, LA 255 %W SAC
B C X KRR T 2R F 4 28 A4 A AL R
e fae 9 7E .
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TRAEAR 2R 2 38 S W SO RV R W I S oK Ok
KBIEFAKEEWEZESE S BREK | B
OBV MO, Mo B AR R AR K I MR
o VA K R &l 28 Tl & S A KR B Y AR
P AR SR BEE SAC ANk BE A IS, cd®
JoiN3E T G 25 A K R T AR A 2 R R
# UL ESIRERY] SAC B 3 i KA1 &
R Cd** xR AR K & B I E TR

FEAREE 4 WSO A P R 4 J%ﬂd)&ﬁﬂ’ﬂi%ﬁ
BLUERIST . ABFFE 480 200 wmol - L' SAC J& b 3
FEAR T KRG AP T2 ZE AR h Y Cd & &, 5 50
pmol - L ™" CdCL, Ab3AIAH EL, 4 ZE M AR b Cd &
T BIFEAR T 28. 86% F1 35.91% . Al SAC ), B
FH Cd F W REAR, SR A& 28 14 A A fb F8 b S
WARAK LTI 03 1T RUIL R FN4) 28 b

d SEFERDESEM T Cd* bha. Ao Em,
ENIIEZLLISTE7 L INA 1 VSN s S 7S
P R AR KRR R T AR v 4 T
ik MDA & & 2 AP T, B SR E 2R
linSERE(EPSS
EESIS 2N IR BRSO e ca W
fift €d Hﬂkéﬁﬁﬁﬁm—FﬁH&ﬁéh/'\ 4 A0 &

CE e R, Cd>t T R U i’?l_ N,‘JHH EI’J
03Nramp5 E‘?L?ﬁf/\ﬂ(*ﬁmﬁé : 5 , #/\ﬁg E/JiK

AV 0sHMA3 638 T- 11035 5 T F A\ e s
FEAE T o ,Cel** 7£ OsHMA2 e sl

Rz B 35 3R AR SAC FE
RAREF T LR ML ZEh Cd F M Cd i m
Gy FHL  ABIFTE R FH ST 62 1 PCR B ARBESE
T‘Vﬁm SAC XF 4% ik 3 4> Cd* " Fhiz FHE H £k

IR 5 R AE S0 pmol - L™ CdCL, 36 kb3

#FTﬂwiﬁH%MEEP Cd** ¥ 32 78 11 g i 55 A
OsNramp5 ., OsHMA3 1 OsHMA2 5 %5 (3 %5 B AH He G
AR IR 13 0 i E R = T 217. 67 %, 168. 00% F
229. 67%, %45 F LR AT CA** Wit 2544 [R] s 33
INTHRZEXS Cd** By IR, Cd®* 1l I T Aif A7 DL
& ZE T GE . Ca** A A T R KA R
FRREEAL, B Cd " MR BE £ 0 TGN T OsHMA3 1)
FHXT RIS UL IS 3 1T A B A B LT [
OsNramp5 F1 OsHMA2 J PR 2R 35 1 1 15 in 158 B
FERS R W B CA® " FAEAE S50 RIS 38 n 1 40 AR %t
Cd** Hy WA ) 2l 25 v B iz 8 A T AR 3R Fn 4l
Y Cd B R B R . AR
HOXT A ARG 2 Cd ek A0 0 45 1 B S AR
hZE Cd & 3 I R % A5 R 5 e T
WA A

LRTIANEYIN Cd fiz 2 H ﬁﬁ%?@é‘:

£ 50 Mmol L7 CdCl, i Ak B8 TR B
200 pmol-L ™" SAC ZbHJ5  AKFELNIR  Cd* " s R
F 2t 3 K OsNramp5 (/A X 38 35 & W F PR T
33.38%., OsHMA3 (PR XS 3R 3k & i 25 T+ 33. 96%.,
OsHMA2 FFEXS 235 & 1o FEAR 34. 99% . BRI SAC
J&i , OsNramp5 B9 AR XF 36 15 10 B 25 B AR, 2 BH O
SAC J& i B AR T AR AN e Cd®* OBE g, X
AR Cd A BRI E 25 R B R AR T Cd H R R
FREAR T 35.91% . N SAC J5 , OsHMA3 (¥ AH R
TRHR RS 2 T UL SAC R T 4l MR 40 I 1
ik Cd* 1 jj ZEER T LI SAC I G
HRZ CA** e &5 A5 2N KHIE. BN SAC J& , OsHMA2
PR AR R 3A f i 25 BRI, SRR I SAC 1B 35 R AR T
Cd®* [ ) 2 i B9 . A et &l 2 v Cd o &
R 25 SR 3R B, 4 2F Cd ﬁ%ﬁ%ﬁ%ﬁ& -3'5f 911%,
P S5 RAH G =/ |

Li LRIl J#890 SAG 5 Cd %zjﬁaéﬁlﬂfﬁﬁ
ek 075 Al 48 AR T W AR N 2 ad ﬁ%ﬁ“
1K B 2 fi cdz*ﬂj}zﬁﬂﬁé%%m%ﬂ A~

L WV s

4 i =
J‘ 3 S ) .--l
(1) E BB SACT AR Cd* MoK R
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